Seproaucod  bv  Tf 

NATIONAL  TECHNICAL  I 
INFORMATION  SERVICE  « 

SpnngfioJd,  Va  22151  $ 


Reproduced  From 
Best  Available  Copy 


REPRODUCTION  QUALITY  NOTICE  j 


This  document  is  the  best  quality  available.  The  copy  furnished 
to  DTIC  contained  pages  that  may  have  the  following  quality 
problems: 

•  Pages  smaller  or  larger  than  normal. 

•  Pages  with  background  color  or  light  colored  printing. 

•  Pages  with  small  type  or  poor  printing;  and  or 

•  Pages  with  continuous  tone  material  or  color 
photographs. 

Due  to  various  output  media  available  these  conditions  may  or 
may  not  cause  poor  legibility  in  the  microfiche  or  hardcopy  output 
you  receive. 


□  If  this  block  is  checked,  the  copy  furnished  to  DTIC 
contained  pages  with  color  printing,  that  when  reproduced  in 
Black  and  White,  may  change  detail  of  the  original  copy. 


DEPARTMENT  OP  THE  ARMY 
U  S  ARMY  NATICK  LABORATORIES 
NATICK,  MASSACHUSETTS  01760 

IN  RKPUV  Rcrs«  TO 

AMXRF-AAS 

SULJECT:  Change  to  US  Army  Natick  Laboratories 

Technical  Report  72-16 

t 

i  » 

i 

i 

Defense  Documentation  Center 

Cameron  Station  _ .. 

Alexandria,  VA  2  2  3 1  ’i 

i  * 


Eased  on  new  Department  of  Defense  guidance,  we  have 
been  directed  to  make  a  change  to  each  copy  of  the 
subject  Technical  P-eport  72-16,  Final  Engineering 
Report  Parachute  Retrorocket  Airdrop  System  that  was 
mailed  to  you  approximately  5  January  1972.  It  is 
requested  that  Reference  A  on  Page  192  be  deleted 
with  indelible  black  ink.  Return  reply  is  requested 
to  insure  compliance. 


I 


Security 


DOCUMENT  CONTROL  DATA  -  R  &  D 

(Security  el**aHlcmti'*t*  oi  till 9,  body  0/  mbattm  yl  *nd  Inditing  Annotation  must  h»  sftssS («  enraf/  report  la  clSmal/iad} 


t.  ONISINATIWQ  ACTIVITY  I'vurjigfai#  jla.  REPORT  SECURITY1  C  L  A»»l  PI  C  A  Tl  0« 


Stencel  Aero  Engineering  Corp. 
Asheviilc,  North  Carolina 


Unclassified 


I  REPORT  Tl  TLE 


Final.  Engineering  Report  -  Parachute  Retrorocket  Airdrop  System 


4,  descriptive  notes  ( "Typa  o l  rapott  *nd  inciualra  data  a) 


0  AUTHOR(I)  (Flrat  natr.a,  mtddla  Initial,  laat  nama) 

Joseph  L.  Michal 
Joseph  L .  Oates 
A.L.  Mar tinea 


e  nsPom  date 

December  1970 


M.  CONTRACT  OB  GRANT  MO. 

D A AG1 7 - 6  8 - C - 0  0 1 9 

6.  PSOJIC  T  NO- 

1M12140D19  5 


10.  OISTRCRJTION  STATEMENT 


7 «.  TOT^L  NO  OF  PAOII 


Os.  ORIGINATOR'*  REPORT  NUMIMKl 


This  document  has  been  approved  for  public  release  and  sale-,  its 
distribution  is  unlimited. 


IX.  1PONJOKINO  MILITARY  ACTIVITY 


U.S.  Army  Natick  Laboratories 
Natick,  Massachusetts  01760 


This  report  presents  th t  results  of  an  in-depth  exploratory  study  of 
the  Farachute  Retrorocket  Airdrop  System  to  determine  its  potential  for 
meeting  the  technical,  economic  and  operational  requirements  of  an 
airdrop  system  capable  of  delivering  supplies  and  equipment  weighing 
from  2000  to  35,000  pounds  from  cargo  aircraft  flying  at  an  altitude 
of  500  feet  or  less  above  the  terrain. 

Actual  airdrops  were  conducted  to  demonstrate  system  capability  for 
loads  weighing  up  to  35,000  pounds  from  low  altitudes.  Frototype 
hardware  was  then  designed  for  a  future  program. 

It  is  concluded  that  PF.ADf  car.  be  used  economically  and  reliably  to 
drop  loads  up  to  at  least  35,000  pounds  from  an  absolute  altitude  of 
somewhat  less  than  500  feet  or  higher  o:>to  unprepared  drop  zones.  In 
addition,  the  load  range  can  be  extended  to  50.000  pound  leads  at  a 
reasonable  cost.  READS  requires  less  time  to  rig  and  pack  parachutes 
than  the  present  system.  Also,  drops  can  be  made  into  small  drop  zones 
very  accurately  or  from  high  altitudes  with  reasonable  accuracy. 

Special  loads  can  be  dropped  with  very  low  impact  velocity.  Engineering 
development  of  PRADS  appears  to  be  a  logical  step  to  advance  the 
state-of-the-art  in  airdropping. 


1 


Approved  for  public 
release;  distribution 
unlimited. 


AD 


FINAL  ENGINEERING  REPORT 
PARACHUTE  RETROROCKET  AIRDROP  SYSTEM 


by 

J.  L,  Michal 
J.  L.  Oates 
A.  L.  Martinez 


Stencel  Aero  Engineering  Corporation 
Asheville,  North  Carolina 

Contract  No.  DAAG17-68-C-0019 


Project  Reference:  December  1970 

1M121401D195 


Airdrop  Engineering  Laboratory 
U.  S.  ARMY  NATICK  LABORATORIES 
Natick,  Massachusetts 


FOREWORD 


This  '*u i'k  was  performed  during  the  period  September  I9f>?  through 
Oclobe"  1^69  under  US  Army  Natick  Contract  No.  DAAG17- 68- C- 0019 
for  the  Department  of  the  Army  Project  No.  IM121401D195  entitled 
"Low  Altitude  Airdrop  System  for  Supplies  and  Equipment". 

The  Parachute  Retrorockct  Airdrop  System  was  selected  as  one  of 
the  two  most  promising  concepts  out  of  nine  that  were  studied  un¬ 
der  a  separate  preliminary  exploratory  development  study. 

This  in  depth  exploratory  investigation  of  the  Parachute  Retrorockct 
Airdrop  System  was  conducted  to  determine  its  potential  for  meet¬ 
ing  the  technical,  economic  and  operational  requirements  of  an  air¬ 
drop  system  capable  of  delivering  supplies  and  equipment  weighing 
from  2000  to  35,000  pounds  from  cargo  aircraft  flying  at  an  altitude 
of  500  feet  or  less  above  the  terrain. 

The  work  was  performed  under  the  direction  of  Mr.  George 
Chakoian,  the  Project  Engineer  for  the  U.S.  Army  Natick 
Laboratories . 
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ABSTRACT 


Thu  Parachute  Retrorocket  Airdrop  System  (PRADS)  combines 
relatively  small  parachutes  to  lower  an  airdrop  load  and  rockets 
to  slow  the  descent  just  before  impact  for  airdropping  loads 
from  500  feet  absolute  altitude.  The  system  was  studied  and 
demonstrated  to  be  feasible  under  previous  contracts  with  the 
U.  S.  Army  Natick  Laboratories.  Testing  was  then  accomplish¬ 
ed  under  an  exploratory  development  program  to  demonstrate 
capability  for  the  airdropping  of  loads  up  to  10,  000  pounds  gross 
weight . 

This  report  presents  the  results  of  testing  and  analysis  under 
an  in-depth  exploratory  development  contract.  Breadboard 
hardware  was  designed  or  redesigned  and  manufactured.  Test¬ 
ing  was  then  performed  which  demonstrated  system  capability 
for  loads  of  up  to  35,  000  pounds.  Prototype  hardware  was 
then  designed  which  is  expected  to  perform  economically  and 
reliably.  In  addition,  problems  of  ground  sensing  probe  swing, 
rocket  exhaust  plume  convergency  and  somewhat  high  sling 
forces  are  expected  to  be  eliminated. 

It  is  concluded  that  PRADS  can  be  used  economically  and 
reliably  to  drop  loads  up  to  at  least  35,  000  pounds  from  an 
absolute  altitude  of  somewhat  less  than  500  feel  onto 
unprepared  drop  zonce.  In  addition,  the  load  range  can  be 
extended  to  50,  000  pound  loads  at  a  reasonable  cost.  PRADS 
requires  less  time  to  rig  and  pack  parachutes  than  the  present 
system.  Also,  drops  can  be  made  into  small  drop  zones  very 
accurately  or  from  high  altitudes  with  reasonable  accuracy'. 
Special  loads  can  be  dropped  with  very  low  impact  velocity. 
Engineering  development  of  PRADS  appears  to  be  a  logical  step 
to  advance  the  state-of-the-art  in  airdropping. 
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INTRODUCTION 


1.  0 


l.  I  General 

The  Parachute  Retrorockct  Airdrop  System  (acronym  PRADS)  was 
developed  to  its  present  state  of  prototype  hardware  design  by 
Stencel  Aero  Engineering  Corporation,  Asheville,  North  Carolina, 
under  contract  DAAG17- 68- C- 0019  with  the  Airdrop  Engineering 
Laboratory  of  the  U.  S.  Army  Natick  Laboratories,  Natick, 
Massachusetts.  Work  effort  under  this  contract  was  performed 
during  the  period  September  1967  through  October  1969. 

System  operation  consists  basically  of  load  extraction  by  standard 
extraction  parachuie(s)  as  in  the  presently  used  all-paracliute  sys¬ 
tem,  standard  bag  deployment  of  small  main  canopies  as  in  the 
present  system,  load  descent  between  55  and  70  feet  per  second, 
and  rctrorocket  firing  just  prior  to  ground  impact.  The  normal 
vertical  impact  velocity  is  18  to  28  feet  per  second. 

The  intent  of  this  final  engineering  report  is  to  present  the  results 
of  contract  effort  particularly  in  the  areas  of  testing  and  analysis. 

1.  2  Requirements 

It  is  self  evident  that  modern  warfare  demands  that  troops,  equip¬ 
ment  arid  supplies  be  airdropped  behind  enemy  lines  or  in  enemy 
held  territory  with  maximum  safety  to  all  personnel.  In  order  to 
be  effective,  the  delivery  operation  must  contain  the  element  of 
surprise.  The  delivery  system  must  be  highly  reliable  under  a 
wide  variety  of  atmospheric  conditions,  combat  conditions  and 
loads . 

Further  the  requirements  for  maximum  surprise  and  maximum 
safety  (minimum  vunerabilily)  can  best  be  met  by  an  aircraft  fly¬ 
ing  and  delivering  from  a)  low  altitude,  i.e.  500  feet  or  below 
absolute  altitude  above  the  terrain  or  b)  high  altitude. 

While  the  present  airdrop  system  is  probably  satisfactory  in 
many  respects,  it  is  lacking  in  its  ability  to  deliver  loads  from 
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Preliminary  design  and  testing  was  then  performed  to  verily  study 
results.  The'  e  tests  proved  that  the  system  was  feasible.  In 
addition,  certain  system  simplifications  were  found  possible 
which  reduced  the  overall  system  complexity  appreciably. 

Exploratory  development  was  then  conducted  in  the  4000  to  10,  000 
pound  load  range  to  optimize  111 i s  configuration. 

The  PRADS  program  was  proposed  to  extend  the  weight  of  the 
drop  loads  tested  to  35,000  pounds  and  to  further  optimize  the 
system  through  studies. 

1 .  5  Scope 

The  purpose  of  this  contract  was  to  conduct  an  indepth  exploratory 
development  of  PRADS.  One  specific  objective  is  to  extend  the 
demonstrated  load  weight  dropable  by  the  previous  GROUND 
PROXIMITY  AIRDROP  SYSTEM  from  10,000  pounds  tc  a  full  35,000 
pounds  from  500  feet  absolute  altitude.  A  second  objective  is  to 
arrive  at  a  prototype  system  design  as  a  result  of  testing,  study 
and  analysis . 

1.  6  System  Operation  and  Description 

The  following  is  a  step  by  step  description  of  the  functioning  of  the 
proposed  PRADS  prototype  design.  It  should  be  noted  that  the  sys¬ 
tem  as  tested  under  this  contract  was  similar  except  for  the 
ground  sensing  device  and  size  of  rocket,  motors.  Furthermore, 
the  system  as  referred  to  here  is  to  be  used  only  from  approximately 
8000  pounds  gross  weight  and  up.  Small  loads  can  be  dropped  by 
parachute.  Figure  1.  1  illustrates  the  sequence  of  operation. 

Figure  1.  2  shows  the  PRADS  configuration  as  proposed. 

1.  6.  1  Extraction  Parachute  Release 

At  the  proper  Lime  the  pilot  will  release  the  extraction  parachute(s) 
so  it  will  swing  down  and  out  on  its  pendulum.  Once  in  the  air- 
stream  it  will  be  carried  hack.  This  action  is  identical  with  the 
existing  system. 
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1.  6,  2  Exit  action  Parachute  Deployment 

The  extraction  parachute  (s)  in  its  bag  goes  back  and  deploys  the 
extraction  line.  When  the  extraction  line  becomes  taut  the  bag 
strips  off  the  extraction  parachute.  The  extraction  parachute 
then  opens.  All  steps  in  this  phase  are  the  same  as  the  existing 
sys  tern. 

1.6.3  Load  Release 

When  the  extraction  parachute  opens,  the  force  rapidly  builds  up 
to  1  to  1  1/2  G.  The  Load  is  released  by  either  1/2  G  or  1  G  res¬ 
traint  or  by  a  release  actuated  by  a  cable  from  the  extraction 
line  as  in  the  existing  system. 

1.6.4  Load  Extraction 

Tiie  load  is  extracted  by  the  extraction  parachute  as  in  the  exist¬ 
ing  system. 

1.  6.  5  Extraction  Force  Transfer 

The  standard  extraction  force  transfer  device  is  actuated  as  in 
the  existing  system  to  transfer  the  extraction  force  to  the  main 
canopy  bags  as  the  load  leaves  the  aircraft. 

1.  6.  6  Main  Canopy  Deployment 

The  main  canopies  are  deployed  from  bags  extracted  from  the 
load  by  the  extraction  pa rachute(s )  as  in  the  existing  system 
except  the  main  canopies  are  smaller.  The  main  canopies  will 
be  slotted  circular  canopies  48  feet  in  diameter.  Slotted  can¬ 
opies  are  proposed  so  that  opening  shock  will  be  reduced.  The 
canopie  are  used  in  clusters  of  from  l  to  6.  Since  (he  canopies 
are  smaller  than  those  in  the  present  system,  the  risers  and 
suspension  lines  are  shorter,  and  the  load  is  not  left  unsuspend¬ 
ed  as  long  as  in  the  conventional  system  which  reduces  the 
possibility  of  overturning.  The  extraction  parachute  and  bags  go 
free  of  the  load  after  deployment. 
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After  the  main  canopies  are  deployed  from  their  containment 
bags,  the  canopies  open  to  their  lull  diameter  without  reeling. 

1.  6.  8  Rocket  Pack  Extraction 

The  rocket  pack  is  extracted  Iron-,  the  load  as  the  main  canopies 
are  opening. 

1.6.9  Gas  Valve  Armed 

The  gas  vaKe  is  armed  by  a  lanyard  from  the  rear  of  the  lead 
just  before  the  suspension  slings  become  taut.  The  gas  valve 
cannot  be  shutlled  and  the  rockets  fired  until  the  safety  is 
actuated. 

I,  6.  10  Road  Rotation 

The  load  rotates  nose  up  as  the  front  suspension  slings  lake  over 
the  suspension  of  the  load  and  the  canopies  inflate. 

1 .  6 .  11  Ground  Sensor  Armed 

A  lanyard  from  the  rocket  pack  activates  the  laser  ground  sensing 
circuitry  with  a  four  second  time  delay  just  before  the  rear  sus¬ 
pension  slings  become  taut. 

1.  6.  12  Road  Descent 

When  the  main  canopies  are  fully  open,  the  load  descends  at  a 
medium  velocity  of  55  to  70  feet  per  second  iust  after  it  goes 
over  the  "knee"  of  the  trajectory  curve. 

1.  6.  13  Ground  Sensor  Actuates  Valve 

When  the  load  reaches  approximately  23  feel  above  the  ground, 
the  crossed  beam  from  the  laser  comes  in  view  of  the  viewing 
lens  and  the  solenoid  valve  is  actuated. 


1.  6.  14 


Rocket  F'ire 


When  (ho  gas  valve  shuttles,  high  pressure  gas  is  ported  to  the 
locket  motors.  Dual  primers  in  the  rocket  motors  are  fired  by 
gas  operated  pistons,  The  rocket  motor  thrust  axis  is  at  35 
degrees  with  the  vertical.  The  vertical  component  is  approximately 
12,  900  pounds . 

One  rocket  motor  is  used  for  approximately  each  3,000  pounds  of 
load.  The  load  is  decelerated  with  approximately  4  G  total  or 
3  G  net  over  a  nominal  1/2  second  burning  time.  Figure  1.  3 
is  an  actual  photograph  of  the  rockets  firing  during  the  early  part 
of  deceleration  of  the  35,000  pound  drop  load. 

1.  6.  15  Rocket  Performance 

Each  rocket  motor  produces  nominally  7250  pound- seconds  total 
impulse  or  5940  pound- seconds  vertical  for  acceptable  perform¬ 
ance  in  load  vertical  velocity  at  impact. 

1.  6.  16  Rocket  Pack  Performance 

The  rocket  pack  must  be  intact  and  its  thrust  must  be  aligned  with¬ 
in  approximately  10  degrees  of  the  load  eg  for  stable  performance. 
Its  thrust  axis  must  be  within  approximately  10  degrees  of  the 
vertical  for  acceptable  performance  in  load  horizontal  velocity 
at  impact. 

1 .  6 .  17  Load  Impact 

The  rockets  nominally  burn  out  above  the  ground,  and  the  load  has 
a  short  fre<  fall.  Crushable  cardboard  is  used  as  in  the  existing 
system  to  cushion  impact. 

It  should  be  noted  that  during  this  in-depth  exploratory  develop¬ 
ment  program  that  the  ground  sensor  tested  was  made  up  of  two 
probes,  brakes  and  detonating  fuse  trains.  Parachutes  were  24, 

36  or  46  feet  in  diameter.  The  preceeding,  then,  is  proposed 


2,  0  PROGRAM  EFFORT  (In-Depth  Exploratory  Develop¬ 

ment) 

2.  1  General 

The  program  objectives  were  to  develop  a  system  to  deliver  loads. 

a.  At  aircraft  altitude  below  500  feet  above  the  terrain. 

b.  At  aircraft  speeds  from  110  to  150  knots.  Compatibility 
with  lower  aircraft  speeds  down  t.o  40  knots  should  be  investigated 
for  possible  application  to  cargo  helicopters  and  VTOh/STOL 
aire  raft. 

c.  With  horizontal  impact  velocities  not  exceeding  those  of 
the  present  system  in  ground  winds  from  zero  to  at  least  15 
knot  s . 

d.  In  operations  employing  mass  formations  of  aircraft  air¬ 
dropping  single  and  multiple  cargo  units.  A  mass  formation  is 
here  defined  as  thirty  (30)  aircraft. 

e.  With  the  fewest  possible  restrictions  on  drop  zone  character¬ 
istics  such  as  size,  unobstructed  area  and  flatness /texture  of 
terrain. 

f.  With  a  nominal  vertical  cargo  impact  velocity  of  23  feet  per 
second  and  a  maximum  of  28.  5  feet  per  second  at  any  terrain 
altitude  between  zero  and  5,000  feet  and  simultaneously  at  any 
air  temperature  between  -65°E  and  100  F. 

g.  Without  modification  to  the  cargo  being  delivered  other  than 
minor  modifications  which  can  be  accomplished  without  special 
equipment  or  tools. 

h  With  a  reliability  of  .  995  and  an  accuracy  CEP  of  100  meters 
from  ihe  selected  impact  point  at  equal  conditions. 

i.  For  unit  cargo  gross  weights  from  2,  GOO  Io  35,  000  pounds 
on  airdrop  platforms  using  currently  standard  and  developmental 
aircraft  unloading  kits. 


j.  With  minimum  requirements  ior  special  training  of  using 
t  roops . 

k.  Without  modification  to  airdrop  aircraft  other  than  those  that 
can  be  accomplished  as  a  minor  retrofit. 

l.  Without  reduction  of  the  present  allowable  cargo  size 
envelope  for  each  type  of  aircraft. 

m.  Without  reduction  of  present  aircraft  utilization  for  airdrop. 

n.  Without  complicating  the  rigging,  loading  and  do  rigging 

of  the  airdrop  cargo  and  the  evacuation  from  the  drop  zone  of  the 
airdrop  system  components. 

o.  Without  interfering  with  the  concept  of  paratroopers  jump¬ 
ing  after  the  cargo  from  the  same  aircraft. 

p.  Under  adverse  weather  conditions  as  outlined  in  AR705-15 
incorporated  herein  by  reference  and  made  a  part  hereof  includ¬ 
ing  extreme  cold  and  hot  weather  operating  conditions  specified 
except  that  the  requirement  for  -80°F  is  changed  to  -65  F. 

The  basic  program  objectives  were  met  including  extending  the 
drop  w’eight  to  35,  000  pounds  from  500  feel  altitude.  It  is  pointed 
out,  however,  that,  the  35,000  pound  load  was  dropped  success¬ 
fully  with  reservations.  A  discussion  of  the  solution  of  problems 
is  found  under  engineering  analysis  of  tests. 

Simplification  and  refinement  of  hardware  was  also  accomplish¬ 
ed  although  relatively  little  redesign  was  done  except  in  the  pro¬ 
totype  design. 

Finally,  considerable  study  effort  was  applied  to  optimize  the 
system  and  define  its  limitations. 

2.  2 


System  Hardware 


Basically  the  system  hardware  was  functional  but  not  reliable 
at  the  onset  of  this  program.  The  following  specific  improvements 
were  made: 

A.  The  probe  reclout  brake  was  simplified  from  both  a 
manufacturing  standpoint  and  an  assembly  and  maintenance  stand¬ 
point  over  that  used  in  the  previous  program.  This  hardware  was 
used  for  testing  only. 

B.  Stronger  mild  detonating  fuse  (MDF)  with  end  primers 
crimped  in  place  was  purchased  for  testing  only. 

C.  Slight  changes  were  required  in  the  small  rocket  pack  for 
additional  strength.  A  protective  dome  was  added  to  the  large 
rocket  pack  which  remained  a  very  heavy  basic  design.  The 
rocket  packs  were  designed  for  the  existing  rocket  motors. 

D  The  intermediate  parachute,  3b  feet  in  diameter  was  strength¬ 
ened  anc  additional  units  were  purchased.  Similarly,  46  foot 
parachutes  were  purchased  for  larger  loads  and  used  for  test¬ 
ing. 

E.  The  MDF  and  confined  detonating  fuse  (CDF)  clamps  were 
modified  to  give  more  efficient  clamping  and  simpler  assembly 
and  used  for  testing  only. 

2.  2.  2  Fabrication 

Thru’  sets  of  hardware  were  manufactured  for  testing  which 
included  ground  sensing  signal  systems,  small  rocket  packs  and 
large  rocket  packs.  Each  set  of  signal  systems  included  two 
probes,  two  probe  reelout  brakes  and  two  probe  releases  and 
housi ngs . 

Parachute  containment  bags  were  fabricated  for  24  foot,  36  foot 
and  46  foot  parachutes. 

All  replacement  hardware  and  expendable  hardware  was  manu¬ 
factured  to  support  testing  both  at  Stencel  (Asheville)  and  6511th 
Test  Group  (El  Centro). 


2.3  T e  b  t 1 1  i  g 

2  3.1  Model  and  Bench  Testing 

Model  testing  of  the  rocket  pack  configuration  was  accomplished 
to  determine  the  plume  characteristics  desired  in  the  proposed 
prototype  hardware  configuration.  -Appendix  A  presents  the 
scale  model  testing 

Bench  testing  of  the  ground  sensor  used  in  tests  was  carried  out 
to  a)  determine  the  strength  of  the  MDF,  b)  adjust  brake  rcelout 
time,  c)  prove  the  new  MDF  insusceptibility  to  static  electricity, 
d)  vibration  test  the  signal  system  for  testing  at  El  Centro,  c) 
cold  temperature  test  the  MDF  and  CDF,  and  f)  determine  the 
pressure  build-up  time  in  the  rocket  packs.  This  bench  test¬ 
ing  was  done  primarily  for  hardware  used  in  testing  since  the 
proposed  prototype  ground  sensor  will  not  use  MDF.  For  this 
reason  details  of  this  bench  testing  will  not  be  included  in  this 
report, 

2.3.2  Static  Testing 

Four  static  tests  of  tethered  rocket  packs  were  conducted  at 
Stencel  to  determine  stability  and  structural  integrity  of  the  hard¬ 
ware  under  simulated  firing  conditions.  Condit.ons  and  proce¬ 
dure  for  these  tests  are  summarized  in  Appendix  B  and  analyz¬ 
ed  in  Section  3.0. 

2.3.3  Drop  Testing  -  Stencel 

Eight  drop  tests  with  4600  pound  loads  were  performed  at  Stencel 
test  facilities  to  determine  tile  optimum  all  parachute  configura¬ 
tion,  to  test  modifications  particularly  in  the  MDF  and  to  check 
system  safety  previous  to  testing  at  El  Centro.  Test  procedures 
and  conditions  are  summarized  in  Appendix  C  with  analysis  in 
Section  3.  0. 

2.3.4  Drop  Testing  -  El  Centro 

A,  series  of  drop  tests  were  conducted  at  the  Naval  Air  Facility. 

El  Centro,  California,  by  the  6611th  Test  Group  (Parachute). 

1  3 


\ 


Test  support,  was  provided  by  Stencel  Aero  Engineering  Corporation. 
Recovery  parachutes,  ground  sensor  signal  systems  (using  MDF), 
and  rocket  packs  were  provided  by  Stencel.  Extraction  systems, 
drop  loads,  slings,  instrumentation,  etc.  were  government  furnish¬ 
ed.  Conditions  and  procedure  for  this  series  of  tests  are 
summarized  in  Appendix  D.  Analysis  of  the  tests  is  found  in 
Section  3.  0. 

2.  4  Studies  and  Analysis 

2.  4.  1.  Performance  of  the  proposed  prototype  design  is 

analyzed  in  Section  4.  0.  In  addition  the  results  of  sensitivity, 
reliability  and  safety  analysis  and  a  discussion  of  problem  areas 
are  found  in  Section  4.  0.  An  IBM  .130  computer  was  used  to 
study  performance  of  the.  prototype  system. 

2.  4  2  Human  factors  and  logistics  studies  are  presented  in 

Sections  5.  0  and  6.  0.  Studies  were  made  of  cost,  maintainability 
and  manpower  requirements.  Prices  were  obtained  for  the  pro¬ 
posed  system  to  fulfill  the  Technical  Integration  and  Evaluation 
contractor  (TIE)  requirements. 

2.  5  Purchases 

2.  5.  1  Sixty  new  rocket  motors  and  240  reloaded  rockets 

were  purchased  from  Northrop  Carolina,  Inc.  for  use  in  static 
rocket  tests  and  system  drep  tests.  These  motors  were  the 
same  as  those  purchased  on  the  previous  contract  No.  DA19- 
129- AMC-  502(N).  See  Section  4,0  for  rocket  performance.  The 
proposed  rocket  motor  will  have  about  three  times  the  thrust 
of  those  used  in  testing. 

2  5  2  Parachutes,  MDF  and  CDF  were  purchased  for  test¬ 

ing.  In  addition  miscellaneous  raw  materials  and  parts  were 
purchased  under  this  contract. 

2.  6  Delivery  Items 

2.6.1  In  addition  to  this  report,  information  was  submitted 

to  the  TIE  contractor. 
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2.  6.  2  Four  progress  rc|  jj  i3  were  submitted  to  Natick 

Laboratories.  "Parachute  Rctrorockci  Airdrop  System  120  Day 
Status  Report",  "240  Day  Status  Report"  and  "260  Day  Status 
Report",  contain  details  of  progress  throughout  the  program 
except  for  the  majority  of  tests  a!  El  Centro  and  final  study 
results  contained  in  this  report. 

2.6  3  A  documentary  film  and  a  continuous  coverage  film 

were  delivered  to  Natick  Laboratories  and  the  TIE  contractor. 

In  addition,  prints,  charts  and  test  reports  were  delivered. 

3 .  0  ENGINEERING  ANALYSIS  OF  TESTS  AND  CON¬ 

CLUSIONS 

An  attempt  will  be  made  here  to  give  a  comprehensive  analysis 
of  tests  for  engineering  evaluation.  This  analysis  is  a  summary 
discussion  of  test  performance  ?  .id  problem  areas.  A  test  by 
test  analysis  is  found  in  Appendix  E  in  which,  at  the  risk  of 
being  redundant,  one  may  look  at  performance  and  problems  in 
order  to  better  understand  what  happened  in  each  test  and  how  the 
areas  interrelate.  Sample  calculations  and  methods  are  pre¬ 
sented  in  detail  for  tests  193-1  and  202-19  (Appendix  E  paragraphs 

2.  0  and  3.  0).  In  addition,  test  reports  summarizing  conditions 
and  results  are  found  in  Appendices  B,  C  and  D. 

3.  1  Weight  Ranges 

To  cover  the  complete  weight  range  from  2000  pounds  to  35,000 
pounds,  two  airdrop  configurations  v  ere  tested.  Parachutes 
only,  46  feet  in  diameter,  were  used  to  recover  weights  of  5000 
pounds  or  less.  Loads  up  to  35,000  pounds  were  dropped  with 
parachutes  and  retrorockeis.  These  indicate  ih«u  PR.3DS  can 
meet  the  airdrop  requirements  for  the  complete  range  of  loads 
from  500  feet  absolute  altitude  using  the  proposed  prototype  hard- 
wa  re. 


3.  2  Parachute  Opening 


In  general,  telemetry  data  was  complete  on  testing  al  El  Centro. 
However,  data  was  lost  for  lest  202-1,  The  three  sizes  of  para- 


chui  ei  used  in  lusting  were  24,  36  and  46  foot  diamete  Since 
the  46  foot  parachutes  are  close  to  the  diameter  of  the  48  foot 
proposed  prototype,  the  performance  will  be  looked  at  in  more 
detail  for  the  larger  parachute  than  for  the  smaller  sizes. 

3.2.1  Twenty- Four  and  Thirty-Six  Foot  Parachutes 

Five  tests  were  made  with  four  24  fool  diameter  pa  achutes 
(see  Appendix  C)  and  six  teals  were  made  with  six  24  foot  para¬ 
chutes  (see  tests  202-4,  -5,  -6,  -10,  -11  and  -12,  Appendix  D). 
Three  tests  were  made  with  five  36  foot  parachutes  (tests  202-7, 
-8  and  -14),  and  two  tists  were  made  with  seven  36  foot  para¬ 
chutes  (tests  202-9  and  -13).  Table  3.  1  shows  a  summary  of 
times  from  extrac  tion  force  transfer  to  average  parachute  open¬ 
ing  including  an  average  of  the  times  for  each  cluster  size  and 
parachute  size. 


CLUSTER  AVERAGE  PARACHUTE  DEPLOYMENT  AND  OPENING 

TIMES 


Pa  rachute 
Size 

No.  Parachutes 
in  Cluster 

No. 

Tests 

Avg.  Deployment  &. 
Opening  Time-Sec. 

Max. 

Min. 

Avr.  . 

24 

4 

5 

2.  54 

2.  0 

2.  27 

24 

6 

6 

3.  71 

2.  71 

3.  19 

36 

5 

3 

3.  67 

3.  44 

3.  56 

36 

7 

2 

4.  23 

3.  77 

L__ _ ___ J 

4.  00 

TABLE  3.  I 

It  is  concluded  that  in  general  the  data  show's  both  the  average 
cluster  opening  times  and  the  average  opening  time  spread  in¬ 
crease  with  the  number  of  parachutes  in  the  cluster,  as  is  ex¬ 
pected.  The  average  cluster  opening  time,  of  course,  increases 
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for  the  larger  parachutes  Peak  slmg  luites  during  parachute 
opening  resulted  from  a  combination  of  l)rcar\\ard  momentum  of 
the  rocket  pack,  7 )  parachute  force  and  3)load  rotational  (pitch) 
momentum.  In  general,  slower  canopy  opening  times  resulted  in 
lower  peak  sling  forces.  Comparing  tests  203-6  and  202-10  in  the 
special  live  test  analysis  in  Appendix  E,  rapid  inflation  caused 
peak  forces  to  exceed  somewhat  l.  5  G  ,  based  upon  gross  load 
weight,  in  test  21*2-6,  while  slightly  slower  inflation  reduced  the 
peak  forces  to  well  below  l.  5  G  in  test  202-  10,  Peak  forces  in 
the  former  were  caused  by  light  parachute  forces  anu  load 
rotational  momentum  on  tlv  front  slings,  while  in  the  later  peak 
forces  were  caused  by  rocket  pack  momentum  and  a  lower  level 
parachute  force  on  the  rear  slings. 

A  similar,  if  less  clear  cut,  comparison  can  be  made  between  tests 
195-1  and  195-2  (Appendices  C  and  E).  While  the  average  para¬ 
chute  opening  time  was  only  .  2  second  shorter  in  test  195-1  than 
in  test  195-2,  the  total  of  the  front  sling  forces  was  2.  39  G  in  the 
former  and  2.  24  G  in  the  latter.  There  was  a  much  larger 
difference  in  the  maximum  forces.  Also  the  total  peak  forces  in 
the  rear  slings  (loaded  last  in  both  cases)  showed  a  larger 
difference  (2,  34  G  versus  l.  99  G)  than  in  the  slings  to  be  loaded 
first.  It  is  concluded,  Lhen,  that  the  slings  to  be  loaded  last 
(neatest  to  full  parachute  opening)  tend  to  feci  a  large  increase 
in  peak  forces  with  a  decrease  in  parachute  opening  times.  Para¬ 
chute  opening  times  and/or  parachute  opening  shock  must  be 
controlled  if  reefing  is  not  required  for  smaller  parachutes. 

No  significant  damage  was  inflicted  upon  any  24  foot  or  36  foot 
parachute  although  all  tests  made  with  these  sizes  were  unreefed 
except  tests  202-  7  and  202-8. 

3.2.  2  Forty-Six  Foot  Parachutes 

Limited  testing  was  done  with  46  foot  parachutes  with  the  para¬ 
chutes  only  system  This  system  used  parachutes  as  in  the 
conventional  system  without  rockets.  See  Tests  193-1,  -2  and 
-3  in  Appendix  C.  Parachute  opening  times  are  somewhat  in¬ 
comparable  because  of  the  reefing  in  all  parachute  only  systems 
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lest  except  193-1  and  193-2.  Reefing  was  required  with  flat 
circular  parachutes  to  limit  sling  forces  in  parachute  only  tests. 

In  addition,  there  were  center  lines  in  test  1 9 3 -  i  only.  On  the 
other  hand  few  parachutes  came  out  to  the  reefed  diameter  before 
line  cutters  operated,  hence  probably  only  a  small  input  was 
realized  by  reefing,  and  that  mainly  from  line  drag  through  the 
reefing  rings. 

Deployment  times  as  seen  in  Table  3.2  increased  with  riser  len¬ 
gth  and  were  very  consistant  except  lor  test  202-1  where  deploy¬ 
ment  time  was  very  short  for  no  apparent  reason.  Parachute 
opening  times  varied  in  a  rational  fashion  except  again  for  test 
202-1.  Minimum  opening  time  was  shortest  for  the  first  para¬ 
chute  in  test  193-1,  in  W'hich  there  was  a  center  line  and  no  reef¬ 
ing,  and  longest  for  the  first  parachute  in  test  202-  3  where 
there  was  reefing  and  two  more  parachutes  in  the  cluster.  Aver¬ 
age  opening  time  wasslightly  shorter  for  test  193-2  where  there 
were  no  center  lines,  over  test  193-1;  however,  there  was  more 
spread  in  opening  times  in  test  193-1.  It  is  interesting  to  note 
that  the  average  opening  time  in  test  193-3,  where  reefing  was 
employed,  was  again  very  slightly  less  than  in  test  193-2  and  the  ( 

spread  in  opening  times  was  even  less.  The  average  opening 
time  for  the  canopies  in  test  202-  3  was  significantly  longer  than 
that  in  test  202-2  in  spite  of  the  fact  that  one  parachute  lagged 
considerably  in  lest  202-2. 


PARACHUTE  DEPLOYMENT  AND  OPENING  TIMES 
46  FOOT  PARACHUTES 
LOW  MASS  LOADING 


Tcsi 

No. 

No. 

Chutes 

Total  Riser 
Length-  Feet 

Deploy¬ 
ment  Time 

Sec 

Opening  Time-Sec. 

Min. 

Max. 

Avg. 

193-1 

4 

28 

l.  301 

1.  47 

4.  44 

3.  16 

193-2 

4 

28 

l.  325 

1.  83 

3.  69 

2.99 

193-  3 

4 

28 

l.  454 

2.  33 

3.  69 

2.  85 

202-1 

4 

45 

l.  212 

3.  015 

6.  015 

4.  265 

202-2 

4 

45 

l.  910 

1.  962 

6.  767 

3.  454 

202-  3 

6 

6  5 

2.  380 

3.  10 

5.  10 

4.  230 

TABLE  3.  2 


19 


in  general,  the  opening  time  spread  and  the  average  opening  times 
are  high  for  these  tests  because  of  the.  low  terminal  velocity  and 
low  mass  loading.  Although  data  was  lost  on  lest  20Z-1,  it  is 
evident,  from  resuits  of  tests  193-  3.  202-2  and  202-  3  that  the  para¬ 
chute  reefing  limits  sling  forces  to  acceptable  levels  using  46  foot 
flat  circular  parachutes. 

Heavy  loads,  i.  e.  24,000  pounds  and  35,000  pounds  loads,  were 
dropped  with  46  foot  parachutes.  Parachutes  with  35,000  pounds 
were  reefed;  therefore,  opening  times  are  somewhat  influenced 
by  the  reefing  in  the  largest  loads  (tests  202-18,  -20,  -23  and 
-26).  In  addition,  46  fooL  parachutes  were  used  in  the  later 
tests  in  the  14,  000  pound  and  18,  000  pound  ranges.  The  objective 
was  to  simulate  the  prototype  system  in  which  only  48  foot  para¬ 
chutes  are  to  be  used.  Parachute  opening  data  are  presented  in 
Table  3.  3 

It  is  immediately  evident  that  the  opening  times  for  the  parachutes 
were  much  longer  at  the  low  mass  loading  than  at  high  mass  load¬ 
ing.  Comparing  tests  202-21  and  -25  with  tests  193-1,  -2,  -3, 
202-1  and-2,  opening  times  for  the  low  mass  loading  were  1.  3 
to  l.  9  times  as  long,  while  the  high  mass  loading  was  3.  7  to  5.  2 
times  as  much  and  the  terminal  velocity  1.  9  to  3  times  as  much 
as  with  the  low  mass  loading.  Opening  times  were  very  consis¬ 
tent  for  the  high  mass  loading  and  dispersed  for  the  low  mass 
loading,  indicating  that  opening  is  more  consistent,  and  reliable 
for  the  PRADS  system,  even  for  the  same  size  parachute  than 
for  the  presently  inservice  system.  It  is  conceded  that  there  is 
more  time  lor  opening  for  a  parachute  only  drop  because  of  the 
low  descent  velocity. 

Comparing  heavy  drops  in  Table  3.  3  and  Figure  4.  3  Section  4.  1, 
it  can  be  seen  that  average  parachute  opening  times  go  up  rea¬ 
sonably  predictably  with  more  parachutes  in  the  cluster,  and 
from  Table  3,  3  it  can  be  seen  that  scatter  in  opening  Limes  tend 
to  go  up  with  more  parachutes  in  the  cluster.  There  is  a  limit 
to  the  number  of  parachutes  in  a  cluster  for  a  low  altitude  drop 
because  performance  literally  is  not  increased  beyond  some 
number.  See  Section  4.  i  for  additional  discussion. 


TABLE  3.  3 

UNG  TIMES  -  46  FOOT  PARACHUTES 
HIGH  MASS  LOADING 


Ttjs  t 

No 

Gross 

Load 

Weight- 

Lbs 

No. 

Chutes 

Minimum 
Opening 
Time -Sec. 

Maximum 
Opening 
Time -See. 

A  vc rage 
Opening 

Time -Sec . 

202-16 

5,  500 

1 

1.  189 

1.  189 

1.  189 

202-19 

14, 000 

3 

1.  999 

2.  108 

2.  041 

202-24 

14,  000 

3 

2.  018 

2.  621 

2.  424 

202-21 

18, 000 

4 

1.  734 

2.  736 

2.  235 

202-25 

18,  000 

4 

l.  715 

2.  687 

2.  239 

202-22 

24,  000 

£ 

l,  685 

3.  747 

2.  251 

202-17 

24, 000 

6 

l.  832 

2.  730 

2.  310 

202-18 

35, 000 

7 

l.  638 

4.  238 

2.  765 

202-20 

35,  000 

n 

t 

2.  2  53 

3.  667 

2.  909 

202-23 

35,  000 

7 

I.  664 

3.  264 

2.  451 

202- 26 

35,  000 

8 

1.  681 

6,  081 

3.  981 

Peak  suspension  sling  forces  for  all  loads  in  the  upper  load  range, 
i.c.  18,000  pounds  through  35,000  pounds,  were  acceptable  dur¬ 
ing  parachute  opening  based  upon  l.  5  G  of  gross  weight  per  sling. 
Reefing  was  not  employed  in  the  large  ’toad  range  (over  3U00 
pound  loads)  except  for  the  35,000  pound  loads,  and  that  was 
required  primarily  because  of  riser  strength.  In  test  202-19, 
forces  were  excessive  where  three  46  foot  parachutes  were  used. 
Average  cluster  opening  time  (2.  041  seconds)  was  less  than  any 
of  the  heavier  Lcsls.  In  addition  forces  in  test  202-16  were  high 
where  average  opening  time  was  only  l,  189  seconds.  (This 
weight  will  be  dropped  by  parachutes  only  in  the  prototype  system; 
and,  therefore,  is  of  only  academic  interest  here.  ) 

It  scents  evident,  then,  that  larger  loads  present  no  problems  as 
far  as  maximum  sling  forces  go  during  parachute  opening.  How¬ 
ever,  parachutes  and  risers  do  feel  high,  in  fact  excessive,  opening 
shock  forces.  Therefore,  a  parachute  should  be  used  which  will 
reduce  the  opening  shocks  below  those  of  the  flat  circular  can¬ 
opies  now  used  to  avoid  excessively  heavy  parachutes  and 
risers  for  large  loads  and  reefing  for  small  loads.  See  Section 
4.  1.  3  for  proposed  parachute  description.  A  slight  reduction  in 
opening  shock  will  eliminate  force  problems  in  the  parachute- 
relrorocket;  system  (above  8000  pounds).  An  appreciable  reduction 
in  opening  shock  will  be  required  for  the  parachute  only  system. 

A  small  but  real  reduction  in  sling  force  wall  be  realized  in  drops, 
where  the  highest  forces  are  realized  in  the  first  slings  to  become 
taut,  with  the  prototype  system  for  loads  over  10,  000  pounds 
because  of  the  rocket  pack  mass  reduction  in  the  prototype  sys¬ 
tem  which  will  reduce  snatch  forces  from  rocket  pack  momentum. 

It  is  concluded  that  parachute  performance  was  generally  adequate 
in  tests  and  that  the  prototype  system  can  use  slotted  parachutes 
which  will  reduce  peak  sling  forces  and  be  of  lighter  construction 
than  46  foot  parachutes  used  in  testing.  In  addition,  no  reefing 
will  be  required. 

3 . 3  Load  Descent 

Once  (he  slings  are  taut  and  the  parachutes  are  open,  the  load 
stilt  must  swung  down  to  approximately  a  horizontal  attitude  and 


the  descent  idle  must  be  within  rpproxiin at  cl  y  the  limits  ot  55  to 
70  feet  per  second.  As  tan  be  seen  from  test  202-12  and  other 
tests  in  Appendix  D,  the  rate  of  descent  tends  to  build  up  and 
then  diminish  while  the  horizontal  velocity  it.  reduced.  The  rale 
01  descent  then,  limits  the  minimum  drop  altitude  (see 
Table  1;  Appendix  E  fox  descent  velocities  at  rocket  fil  ing  in 
live  tests  at  El  Cent  to,  California)  In  system  drop  tests,  des¬ 
cent  velocity  would  have  limited  minimum  drop  altitude  in  live 
tests  202-12,  -25  and  -2b.  Load  angle  was  the  limiting  fac¬ 
tor  in  othoi  tests.  To  get  acceptable  load  angles  and  descent 
rates  honi  lew  altitudes,  the  parachutes  must  be  close  coupled 
to  the  load  (sho>  t  risers),  and  they  must  open  quickly  and  consis¬ 
tently  and  exhibit  a  high  cluster  efficiency.  Unfortunately,  these 
requirements  are  conflicting;  therefore,  a  compromise  is  nec¬ 
essary.  The  liger  extension  lengths  tested  (Table  1,  Appendix  D) 
were  conservative  in  that  they  were  longer  in  proportion  to  the 
parachute  diameters  than  the  riser  extensions  called  for  in  the 
existing  rigging  manuals  for  a  given  number  of  parachutes  in  the 
cluster.  Some  lagging  and  some  cluster  interference  was  still  ex¬ 
perienced.  Longer  riser  extensions  would  increase  deployment 
times  and  increase  lag  angle.  The  lag  angle  is  defined,  for  tire 
purpose  of  (his  report,  as  that  angle  between  the  tangent  to  the 
load  trajectory  and  the  parachute  cluster  resultant  force,  and  it 
is  the  result  of  the  parachutes  lagging  the  load  as  the  load  goes 
over  the  "knee”  of  the  trajectory  curve.  Figure  3.1  illustrates  the 
lag  angle.  Obviously,  the  lag  angle  increases  as  the  distance 
fiom  the  load  to  the  parachutes  (total  riser  length  plus  slings,  etc.) 
increases.  Also  tne  lag  angle  soon  disappears  after  a  short  ver¬ 
tical  frceiall.  Lag  angle  causes  the  rockets  to  introduce  a  rear¬ 
ward  load  velocity.  This  can  add  to  rearward  velocity  caused 
by  swing  or  partially  cancel  residual  forward  velocity  from  the 
load  trajectory.  It  is  ideal  to  drop  from  an  altitude  sufficient  to 
almost  eliminate  the  lag  angle  with  the  longest,  geometry  used. 

The  Jag  angle  based  upon  computer  results,  is  5.  b  degrees  at  rocket 
ignition  lot  35,000  pounds  from  500  feel  with  standard  atmospheric 
conditions  (e=  .00238  slugs  per  ft  ).  The  lag  angle  increases  to 
11.  3  degrees  if  the  drop  is  made  onto  a  5000  foot  elevation  drop 
zone  at  100  degrees  F  (e=  .00183  slugs  per  ft^). 
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Load  angle  versus  linn:  data  »as  not  obtained  at  L'l  Centro  as 
requested,  therefore  it  was  reduced  at  Slencel  lor  live  system 
tests  conducted  at  L'l  Centro. 

3  -1  Ground  Se using 

Testing  was  conducted  with  mild  detonaiinu  fuse  (MDF)  tiatis- 
mitting  a  s:gnal  from  the  probes  to  gas  valves.  The  probes  were 
reeled  out  by  brakes  around  whose,  drums  the  MDF  was  wound. 

Two  systems  were  used  per  system  for  redundancy. 

The  first  11  PR  ADS  tests  (tests  202-  4  through  2C2-14)  had  no  time 
delay  in  probe  release.  See  test  202-6  Appendix  E  for  a  typical 
description.  Since  test  202-14  resulted  in  excessive  probe  swing, 
a  lime  delay  of  2  seconds  was  introduced  into  one  probe  release 
while  the  other  probe  was  released  instantly  when  the  lanyard  was 
pulled.  While  probe  swing  had  not  been  a  critical  problem  with 
previous  tests,  probe  angle  was  45  degrees  in  test  202-14,  which 
caused  rocket  ignition  to  be  delayed  and  firing  continued  .  36  sec¬ 
onds  after  ground  impact  of  the  load.  After  the  time  delay  was 
^  added  no  severe  oscillation  problems  occurred.  Longer  probe 

redout  time  would  tend  to  give  the  same  probe  stability  as  the 
time  delay. 

A  firing  system  such  as  the  proposed  crossed  beam  laser  proto¬ 
type  system  is  fixed  to  the  load  platform  and  the  sensing  height  error 
from  system  geometry  with  the  laser  system  is  dependent  on  the 
platform  angle.  The  error  in  rocket  ignition  altitude  due  to  plat¬ 
form  angle  is  determined  as  follow's: 

E  =  h  (l  •  Cos  (1) 

where  h  -  programmed  signal  height 

(approximately  2  3  feet) 

0  -  platform  angle  with  horizontal 

A  platform  angle  of  20  degrees  would  cause  a  reduction  of  1.  4 
feel  in  firing  height.  No  degradation  of  impact  velocity  would 
occur  except  a;  at  or  near  IG0  F  and  5000  feet  uiup  zone  condit¬ 
ions  or  b)  where  the  Load  had  swung  past  the  vertical  with  an 
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uuui  ii.i!  angle.  A  pi. it  form  angle  ot  ovet  20  degi  ees  is  unaccept¬ 
able  because  of  impact  attitude  and  the  horizontal  velocity  component 
added  by  the  rockets.  This  platform  angle  was  acceptable  in  all  live 
atrd’  opj  in  ide  from  near  500  feet  or  more  as  seen  in  Appendix  E. 

!t  is  omluded  that:  1)  probe  swing  can  be  controlled,  or  at 
lets!  reduced,  by  a  time  delay  in  release,  ?.)  instability  oi  the  load 
end  probes  in  the  14.  000  pound  live  tests  was  particularly  poor; 

3!  a  tellable  system  which  did  not  use  probes  would  eliminate  the 
pi  obe  swing  problem  and  give  a  more  consistent  rocket  firing 
height,  (The  laser  is  expected  to  trigger  the  gas  valve  within 
1  1  foot  or  Jess,  j 

3.  5  Keck ot  Eiring 

Alter  the  MDF  tired,  the  yas  valves  shuttled  and  gas  was  ported 
to  the  rocket  motors,  where  redundant  firing  pins  struck  primers. 
Gas  pressure  then  built  up  and  ruptured  the  nozzic  closures. 

This  process  took  approximately  20  milliseconds,  during  which 
time  the  load  descended  just  over  one  foot.  Measured  delay 
times  var  ied  from  .016  second  to  .  032  second  depending  upon 
whether  one  or  both  signal  systems  functioned;  therefore,  no 
appreciable  rocket  firing  altitude  error  was  attributable  to  the 
delay. 


3.5.1  Heat  and  Blast 

During  rocket  burning  a  potential  problem  exists  from  heat  and 
blast.  The  extent  of  the  problem  was  not  recognized  in  testing 
under  the  previous  contract  (DAI  9-129-AMC,-502(N))  during  which 
as  many  as  26  rocket  motors  were  used  in  static  tests  with  a 
smalt  amount  ol  heat  damage  in  the  form  of  some  discoloration 
■md  hardening  of  the  unprotected  slings.  It  was  believed  that 
light  protective  covers  for  the  larger  load  slings  would  be 
sufi  cient  protection  for  up  to  32  to  36  rockets.  When  static  test- 
-ng  of  j2  rocket  motors  was  performed  (test  183-3,  Appendix  B), 
fl  ime  from  the  rocket  plumes  converged  onto  the  slings  and  load. 
The  slings  were  severely  damaged  and  failed. 
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Sling  covers  mailt.:  from  asbestos  clolli  or  foil  backed  fiberglass 
cloth  were  used  m  a  second  static  lest  using  32  rockets  (test  186-1). 
Sling  damage  again  occurred,  but  no  failure  resulted.  Drop 
testing  with  3 2  rocket  motors  and  35,000  pound  loads  was  perform¬ 
ed  without  sol'  ing  the  problem  since  the  scope  or  the  contract  did 
not  include  rocket  motor  redesign.  Test  202-23  resulted  in  poor 
performance  primarily  because  of  parachute  risers  failing.  Test 
202-26  resulted  in  good  performance  except  for  rocket  plume 
convergence  which  not  only  damaged  the  load,  but  also  set  the 
energy  ab.. orbing  cardboard  on  fire.  See  Appendix  D  for  test 
deta  ils  . 

Figure  3.  2b  shows  how  the  plumes  converged.  It  is  believed 
that,  this  phenomena  occurred  because  air  is  pumped  out  of  both 
the  outer  cone  and  the  inner  cone  within  the  plumes,  causing  low 
pressure  areas  which  in  turn  caused  the  plumes  Lc  converge.  The 
proposed  prototype  system  includes  a  single  rocket  pack  with  up 
to  12  rocket  motors.  Scale  model  tests  showed  that  the  convergence 
problem  was  eliminated  or  greatly  reduced  by  this  arrangement. 

Sec  Appendix  A  for  a  report  of  the  scale  model  tests. 

An  additional  problem  occurred  in  test  202-  25  in  which  the  load 
buckled  and  rocket  exhaust  weakened  the  front  slings  so  that 
they  failed.  See  discussion  on  stability. 

Heat  and  blast  do  not  appear  to  be  a  problem  when  there  is  no 
plume  impingement. 

3.5.2  Rocket  Motor  Reliability 

Rocket  motors  delivered  under  subcontract  by  Northrop  Carolina, 

I  in.  were  considered  very  reliable.  Three  types  of  problems 
still  developed  v.-ifn  the  rockets  during  lesling.  In  test  183-1,  a 
rocket  nozzle  which  had  sharp  corner  failed  on  the  fifth  usage  in 
the  locking  ring  groove  Pressure  checking  of  nozzles  for  all 
reloads  above  normal  operating  pressures  was  initiated  with  the 
object  of  producing  failures  of  weak  components.  A  simitiar 
failure  of  a  pressure  chucked  nozzle  on  the  fifth  usage  occurred 


in  test  180-1.  based  upon  this  experience,  only  newer  nozzles 
w  ;re  used  in  tests  for  a  short  time,  alter  which  nozzles  were 
reinloreed  with  cap  screws.  No  further  problems  »cci  rred  with 
the  nozzles. 

A  misfire  also  occurred  in  test  183-1.  Although  the  primers  had 
been  inserted  with  a  redesigned  tool,  damage  had  still  been  in¬ 
flicted  on  the  primers  and  an  additional  change  was  made  in  the 
tool  Later  the  primers  in  new  and  reloaded  rockets  were  X- 
l' lived.  No  further  problem  occurred  with  misfires. 

A  head  end  closure  came  off  one  rocket  motor  upon  ignition  in 
the  fust  live  test  at  El  Cent  o.  California.  (Tost  202-6.  )  This 
resulted  in  a  ca.astrophie  failure  of  the  rocket  pack.  Investi¬ 
gation  showed  that  the  snap  ring  holding  the  head  end  closure 
in  place  was  not  seated  correctly,  although  small  cap  screws  were 
used  to  keep  the  ring  from  coming  out  completely.  A  measure¬ 
ment  was  made  on  each  snap  ring  on  rockets  used  subsequently, 
and  no  more  failures  occurred. 

3,5.3  Stability 

Load  staoility  during  descent  was  required  to  allow  satisfactory 
probe  deployment.  A  time  delay  was  used  in  the  release  of  one 
probe  beginning  wiln  test  no.  202-16  at  El  Centro  which  yielded 
satisfactory  results  with  the  probes  mounted  on  the  rear  of  the 
load.  However,  the  proposed  crossed  beam  laser  ground  sen¬ 
sor  will  eliminate  problems  of  probe  reeloul;  therefore,  suffic¬ 
ient  toad  stability  will  be  required  only  for  a  i  elimination  of  load 
tumbling  through  suspension  slings  (as  happened  with  the  pres¬ 
ent  standard  drop  system)  and  for  b)  Ihe  load  platform  to  be  with¬ 
in  15  to  20  degrees  of  horizontal  at  rocket  ignition.  "rhe  latter 
is  a  question  of  drop  altitude  and  system  geometry. 

Static  testing  of  from  10  to  32  rocket  motors  gave  marginal 
stability.  Sec  Appendix  13  for  conditions  and  results.  It  is  rea¬ 
lized  that  the  elimination  of  all  restraint  forces  in  Ihe  static  tests 
is  a  far  more  difficult  condition  than  actual  drop  tests  where 
pdJdchute  forces  remain  appreciable  for  most  of  rocket  burning. 
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Load  stability  during  rocket  firing  was  good  in  Live  system  tesLs 
except  where  unusual  problems  occurred. 

Ground  impact  before  rocket  burnout  caused  problems  in  tests 
202-  14  and  202-23  not  related  to  basic  stability.  In  test  202-26 
the  Load  buckled  when  the  rocket  motors  fired.  The  front  end 
of  the  truck  bent  up  and  the  front  slings  became  partially  slack 
n  omenta  rily  The  rocket  pack  tried  to  correct  for  this  rather 
ciolent  disturbance  with  the  result  that  the  rocket  plumes  on  the 
iron!  momentarily  impinged  upon  the  slings  and  caused  their 
f  a  1 1  u  re . 

it  is  concluded  that  rocket  pack  slabi1  iy  is  adequate  for  good 
test  performance  where  other  performance  criteria  are  accept¬ 
able,  i  c.  rocket  burnout  by  load  impact  or  within  about  .  040 
second  alter  impact  and  structural  integrity  of  load,  slings  and 
rocket  pack. 

354  Suspension  Sling  Forces 

Suspension  sling  forces  during  rocket  burning  were  high  on  all 
tests  except  where  the  loading  per  rocket  motor  was  low.  Air¬ 
drops  with  5000  pound  loads  and  32,000  pound  loads  (tests  195-1, 

-2,  and  202-  26)  resulted  in  forces  unde  r  1  5  G  per  attachment 
point  based  upon  gross  rigged  weight.  (Test  202-23  resulted  in 
burning  after  load  impact  because  of  a  slightly  low  altitude  drop 
and  the  complete  loss  of  two  parachutes,  resulting  in  snatch  forces 
on  the  front  slings .  ) 

High  forces  in  other  tests  were  generally  caused  by  "overshoot" 
of  the  rocket  pack  mass.  Ai  rocket  ignition,  the  total  force  in 
the  slings  evas  approximately  one  Gfrom  the  parachutes.  Afler 
the  rockets  fire,  approximately  4  additional  G  are  applied  to 
the  rocket  pack,  and  it  is  accelerated  upward  with  respect  to  the 
load.  Because  of  parachute  drag,  most  of  the  parachute  force 
remains  while  the  slings  stretch.  Assuming  the  rocket  pack 
weights  1100  pounds  and  the  suspension  sling  spring  constant  is 
73.  300  pounds  per  inch,  the  force  trace  can  be  closely  approx- 


iinaled.  Thr  force  Irat  e  of  the  rocket  motors  used  is  close  to  a 
square  wa' e.  hence  overshoot  is  appreciable.  Prototype  rocket 
motors  are  to  have  a  slower  force  buildup  to  greatly  reduce  over¬ 
shoot  Sec  Section  4.  5  for  calculations  confirming  observed 
data  and  required  force  for  negligible  overshoot. 

3 .  6  Ground  Impact 

Load  impact  velocity  varied  considerably  even  where  the  system 
functioned  properly.  The  variations  were  the  result  of  1) 
variations  in  firing  height  due  to  probe  swing;  2)  variations  in 
load  weight  per  rocket  motor,  and  3)  malfunctions  such  as  the  loss 
of  parachutes  which  caused  extreme  load  angle  and/or  velocity 
at  rocket  firing 

Probe  swing,  discussed  previously,  will  be  eliminated  by  the 
laser  prototype  system  and  assumed  results  are  given  in  Appendix 
E.  Variations  in  load  weight  per  rocket  motor  will  be  necessary, 
but  they  can  be  partially  nullified  by  adjusting  parachute  quantities. 
Strengl.i  of  parachute  risers  and  slings  must  be  increased,  or 
the  forces  must  be  decreased.  The  prototype  system  calls  lor  the 
latter. 

Figure  3.  3  shows  impact  velocity  for  heights  of  burnout  at 
different  velocities  at  burnout.  Oonsistanl  impact  velocity  can 
be  realized  only  with  a  constant  ignition  height  so  that  descent 
velocity  will  trade  off  with  buinout  height. 

The  relationship  between  impact  velocity  (Vimp),  velocity  at 
burnout  (Vb)  and  height  of  burnout  (h)  is: 

VLmp  =  \’l  -I  2gh 

The  maximum  allowable  freefall  height  depends  upon  velocity 
at  burnout.  Zero  parachute  force  is  assumed  after  burnout. 

Horizontal  velocity  was  acceptable  for  all  live  system  tests  where 
vertical  impact  velocity  was  within  28.  5  feet  per  second  except 
two  Horizontal  impact  velocity'  was  marginal  for  tests  202-21 
and  22. 
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Vb  -  FT /SEC 
VELOCITY  AT  BURNOUT 
DAD  VELOCITY  VERSUS  H 
Figure  3.3 


basically  an  acceptable  drop  s  one  in  which  the  load  is  recovered 
in  an  upright,  position  and  urdamaged  with  regard  to  military 
effectiveness.  The  following  criteria  are  specifically  applicable 
to  PRADS. 

1)  Vertical  Impact  Velocity  -  maximum  28.  5  feel  per 
s  ee  end . 

2)  Load  angle  at  impact  -  maximum  15  to  20  degrees. 


3)  Load  stability  during  descent  -  load  angle  and  angular 
rates  at  tune  of  rocket  firing  must  be  such  that  conditions  in  2 
above  are  met. 


4)  Horizontal  Impact  Velocity  -  maximum  7  to  10  knots  not 
counting  wind  drift 

5)  Heal  and  Blast  -  no  damage. 

6)  Suspension  Sling  Forces  -  not  to  exceed  l.  5  G  pur  sling. 
While  Items  7.  and  4  are  not  defined  specifically  under  this  con¬ 
tract.,  values  shown  should  at  least  be  in  the  ballpark. 

3  8  Parachute  Risers 


Parachute  riscis  failed  in  tests  of  larger  loads  (Appendix  E) 
because  a)  of  high  opening  shock  of  46  fool  flat  circular  para¬ 
chute,  b)  of  marginal  strength  of  two  loop  type  X  webbing  when 
over  age  and  c)  clevises  with  5/8  inch  diameter  bolts  were  used 
without  sleeves.  In  addition,  riser  adapters  failed  for  reasons 
a  and  c  above,  and  because  some  were  sewn  in  a  box  pattern 
instead  of  a  "double  W".  The  proposed  system,  in  addition 
to  having  slotted  parachutes  to  reduce  opening  shock,  will  have 
3  loop  type  X  webbing 

3.4  Conclusions 


]  t  iu  t,' 0 ! i c  1  lid v cl  !  h a  l  ci  1  ill  H  chw  s  sticJ  FciJf!  in c  me  n  t  s  s  r  l 

needed  in  the  system  as  tested,  the  capability  of  airdropping  up 
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U>  3C  O00  pounds  with  acceptable  impact  conditions  has  been 
demons!  rated. 

4  .  U  PRADS  PE  HI-' UK  MANGE  CHARACTERISTICS 

4  t  Rocket  Si.je  Trado-Ofl 

A  rather  inflexible  limit  on  system  forces  must  be  placed  on  the 
PRADS.  The  paiachute  decelerat  tve  force  has  to  be  constant  at 
about  the  1  G  b  w  el  when  the  rockets  ignite  and  the  retardation 
forces  of  parachute  and  r<  trorockel  arc  combined.  This  total 
force  is  additive  into  the  drop-load  suspension  slings  which  are 
connected  to  attach  points  stressed  to  approximately  1  1/2  times 
the  gross  rigged  weight  of  the  drop-load  as  called  out  in  AR705- 
35  and  MID-STD- 814.  This  force  of  1  1/2  times  the  gross  rigged 
weight  is  the  maximum  deceleration  level  seen  in  any  of  the  pro¬ 
totype  weight  ranges.  Since  steady-slate  descent  cannot  be 
assumed  for  low-altitude  airdrops,  conservati  vc  analysis  pre¬ 
cludes  using  a  total  decelerative  force  of  1  1/2  G  time  4  attach¬ 
ment  points  or  (>  times  the  gross  dropload  weight.  Assuming 
approximately  1G  parachute  force  the  rockets  could  input  another 

5  G  in  a  stable  system  Reduction  of  the  5  G  retrorocket  force 
tu  u  maximum  of  4  1/2  G  allows  some  margin  for  system  toler¬ 
ance  and  dynamic  force  buildups  in  the  suspension  slings.  Through¬ 
out  the  performance  tradeoff  analysis,  the  4  1/2  G  rocket  force 

lew  cl  is  not  exceeded  by  the  prototype  PRADS  configuration.  This 
rocket  force  of  4  1/2  G  assumes  that  characteristics  of  the  "soft'' 
ignition  curve  of  the  new  rocket  motors  will  prevent  force  over¬ 
shoot  as  seen  in  the  test  program  under  this  contract.  Further 
analysts  of  rocket  force  buildup  is  presented  in  Section  4.  5. 

Efforts  were  then  directed  toward  the  design  of  a  simplified 
rocket  pack  employing  the  features  of  the  Lest  hardware,  yet 
easier  to  rig  and  foolproof-  The  working  force  level  of  the  rocket 
pad-  is  fixed  at  a  maximum  of  5  G  rocket  force  plus  1  G  para¬ 
chute  forte  or  6  times  the  35,000  pounds  maximum  dropload 
weight  reepn  red  under  this  contract  The  working  force  level  of 
the  rocket  pack  was  fixed  at  210  thousand  pounds  maximum  with 
both  parachutes  and  rocket  force  and  any  attendant  rocket  force 
'  'o  v  t  is  boot ' '  . 
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Using  {hi.-  1  PR  A  J  -  R  ecuve  r  y  Sy  s  icm  Trajectory'1  computer  pro¬ 
gram.  preliminary  families  of  curves  were  determined  to 
analyze  system  tolerance  lo  variation  m  rocket  Ih rust /weight 
ratio,  parachute  cluster  configuration  and  parachute  terminal 
velocity  Figure  4.1  summarizes  this  preliminary  analysis.  The 
lell  side  of  the  figure  shows  Cj-jA  versus  numbcis  of  parachutes 
for  different  inflated  diameters  (approximately  2/3  of  the  flat 
circular  diameter).  The  right  side  of  the  curve  shows  CpA  versus 
load  weight  for  three  descent  velocities.  Parachute  size  was 
partially  determined  as  follows.  For  a  35,000  pound  load  with 
a  terminal  velocity  of  tiO  feet  per  second,  a  CpA  of  8,  100  square 
feet  is  required,  or  six  parachutes  with  32.  5  feet  inflated  dia¬ 
meter.  A  flat  circular  diameter  of  48  feet  is  equivalent.  Based 
upon  this  data  further  work  was  done  using  a  maximum  rocket 
thrus l /weight  ratio  of  4.  5  with  a  rocket  burn  time  of  0.  5  seconds. 
Parachute  steady  stale  velocities  were  varied  holding  the  rocket- 
force  constant  at  155,000  pounds  or  7  7.  500  pound- seconds  impulse. 

4  1.1  Parachute  Velocity  at  Rocket  Ignition 

Figure  4.2  summarizes  the  prototype  PRADS  system  sensitivity 
over  the  design  weight  range  for  standard  day  conditions. 

Families  of  curves  are  shown  for  descent  velocili<  s  of  60,  65 
and  70  feet  per  second  at  rocket  ignition.  Successful  configura¬ 
tions  are  those  impacting  at  less  than  28.  5  feel  par  second  with 
rocket  burn-out  occurring  no  more  than  50  milliseconds  after 
ground  impact  Systems  having  a  rocket  thrust  to  weight  ratio 
high  enough  to  introduce  vertical  velocity  reversal  were  consid¬ 
ered  undependable  since  the  dropload  tan  be  lifted  high  enough  to 
allow  reacceleration  to  unacceptably  high  impact  velocities  as 
the  load  freofalls  to  the  ground  under  little,  if  anv,  controlled 
parachute  decel e ia 1 1 vo  force  Such  velocity  reversal  conditions 
constitute  the  lower  boundary  as  shown  by  dotted  line  in  these 
graphs.  As  the  similarity  of  these  three  graphs  would  indicate, 
the  PRADS  is  tolerant  of  variation  in  velocity  aL  rocket  ignition. 
This  tolerance  is  present  throughout  the  design  range  above 
10,  000  pounds  gross  rigged  weight. 

For  example,  twelve  rocket  motors  are  adequate  for  loads  of 
2H  t)()0  pounds  to  3  3,  500  pounds  with  descent  rates  from  60  to 
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FIGURE  41 
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IMPACT  VELOCITY  75  DESCENT  WEIGHT 

THRUST  .  ortical)  *  13,100 LBS. (eoch  rocket)  X  .50 SEC. 
THRUST  o  :  ~  ■  ALTITUDE  ■  25  F  i. 

SEA  LEVEL  STD  TEMP,  a  PRESSURE 


70  feet  per  second  at  rocket  ignition  at  standard  atmospheric 
conditions. 

.Additional  computer  runs  v  ore  made  to  investigate  simulated 
drops  under  different  temperatures.  See  paragraph  4.  2.  i  for 
results. 

4.1.2  Parachute  Size  Trade-Oil 

Preliminary  sizing  of  the  parachute  to  be  used  for  the  prototype 
system  was  determined  by  the  equation  for  steady  state  descent. 


V  =' 


2W 


Nt  -  C  S 

CD  Co  D0  o 


where 


V  =  terminal  velocity,  ft /sec 
N  =  total  number  of  parachutes  it*,  cluster 
FCD  -  cluster  factor  as  determined  from  Fig.  4.  6 
fo=  density  of  air  at  sea  level,  0.00238  slug/ft  5 

=  drag  coefficient  (0.  75  for  all  parachutes  listed) 
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D  =  nominal  diameter  of  parachute,  ft. 
o 

Assuming  8  parachutes  to  be  the  maximum  cluster  configuration 
and  an  air  density  variation  from  5000  feet  altitude  at  100°F 
(  f  -  0.  00183  slug/fl^J  to  sea  level  at  -65tF  ( =  0.  00318  slug/ 
ft  )  with  terminal  velocity  held  to  65  feet/sec.  established  a 
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parachute  diameter  range  ol'  approximately  45  feet  to  So  fuel.  A 
matrix  solution  was  then  obtained  through  a  aeries  of  computer 
runs  wild  refined  input  data  to  establish  a  single  canopy  dia¬ 
meter  satisfying  thi.-  velocity  range  requirements  over  the  entire 
disign  weight  range  of  2U00  pounds  to  35,000  pounds.  The 
solution  to  this  trade- off  is  a  48  foot  diameter  canopy  with  a 
typical  drag  area  coefficient  of  0.  75. 

4.  1.  3  Parachute  Performance 

Test  data  on  atrdropj  employing  the  46  foot  diameter  flat  circular 
parachutes  was  carefully  analyzed  in  order  to  substantiate 
calculated  performance  factors.  Characteristics  of  cluster 
interference  were  isolated  for  each  configuration  tested  and 
riser  extension  lengths  were  empirically  adjusted  in  an  effort  to 
minimize  the  degrading  performance  usually  attendant  to  a  short- 
coupled  cargo  airdrop  delivery  system.  The  configurations 
recommended  in  this  report  exhibit  repeatable  parachute  cluster 
performance  over  the  system  design  range.  Inflation  times 
are  predicted  to  he  repeatable  with  normal  drag  efficiency  and 
acceptable  system  oscillation  characteristics  using  from  1  to 
8  heavy  duty  48  foot  diameter  parachutes.  Using  the  actual  infla¬ 
tion  times  calculated  from  high  speed  moaon  picture  lest  coverage 
on  the  46  foot  diameter  parachutes,  an  acceptable  relationship 
was  defined  for  parachute  performance  versus  number  of  parachutes 
in  a  cluster.  This  data  indicated  a  linear  trend  and  a  least  squares 
representation  of  the  PR.ADS  46  foot  diameter  parachutes  is 
presented  in  Figure  4.  3  for  l  up  to  8  chutes  in  clusters.  The 
relationship  is  defined  as: 

VlLL  =  l.  2  +  0.  3  {No.  of  Chutes  in  Cluster) 

The  average  cluster  inflation  lime  defined  by  this  equation  and 
shown  as  the  solid  line  includes  actual  delays  for  normal  cluster 
interference  and  inflation  time  variations  due  to  different  canopy 
mass  loadings. 

Since  inflation  times  recorded  in  the  test  program  for  the  46  foot 
diameter  flat  circular  canopies  is  limited,  yet  representative  of 
system  operation  requirements,  the  inflation  times  for  the  larger 


39 


OPENING  TIME  (SECONDS) 


PR  ADS 
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NUMBER  OF  CHUTES  IN  CLUSTER 
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* 

* 
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Cluster  Inflation  Time  =  ‘deployment  +  r 
Equivalent  Air  Speed 
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Figure  4.  3 
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48  luol  oiami’trr  extended  skin  <_«.iopie»  were  scaled  up  according 
to  the  increased  chute  diameter.  Thus  the  48  foot  diameter  para¬ 
chutes  will  inflate  approximately  4  percent  slower  than  the  tested 
system  results.  The  expected  inflation  times  for  clusters  of  the 
prululype  system  are  shown  in  Figure  4.  4. 

Deployment  times  obtained  from  tests  were  compared  for  the 
various  lest  configurations.  Using  the  extraction  force  transfer 
as  the  beginning  of  cluster  deployment  and  parachute  container 
bag  separation  from  the  canopy  apex  as  the  end  of  deployment 
allowed  accurate  measurement  of  this  time  interval.  Times  were 
then  smoothed  using  a  method  of  least  squares  approximation 
giving  the  linear  relationship  of  deployment  time  versus  number 
of  parachutes  shown  in  Figure  4.  5.  Assuming  a  linear  trend, 
this  deployment  time  is  represented  by  the  formula: 

T 

DEPL  =  0.  6  +  0.  2  (No.  Cnutes  Deployed) 

System  tests  supplied  enough  raw  data  to  establish  trends  on  both 
deployment  and  canopy  inflation.  There  is,  however,  insufficient 
data  to  compile  a  serious  reliability  study  or  the  parachute 
subsystem. 

According  to  presently  accepted  statistical  methods,  a  minimum 
of  20  sets  of  data  would  be  required  to  establish  the  population 
trend  and  test  the  values  so  determined.  *  It  will  be  necessary 
to  per.  irm  a  complete  reliability  study  during  the  engineering 
development  phase  of  PRADS  development  in  order  to  satisfac¬ 
torily  determine  extremes  of  performance  and  system  operational 
reliability  levels. 

Performance  graphs  presented  in  this  report  make  adjustments 
for  varying  drag  efficiency  of  the  canopies  arranged  in  a  cluster. 
The  drag  decreases  as  the  number  of  canopies  increases  up  to 


*A  rgentiers ,  Peter  D.  and  Tolson,  Robert  H.  ,  A  NEW  METHOD 
OF  TESTING  SMALL  SAMPLES  FOR  GOODNESS  OF  FIT  TO 
NORMAL  POPULATIONS.  NASA  T'JND-4405,  Washington,  D.  C. 
Ma  rch  1968. 
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Figure  4.6 


a  maximum  of  8  parachutes.  The  drag  efficiency  reduction  fac¬ 
tors  are  taken  from  document  Engineering  Design  Handbook, 
AMCP  706-130,  Page  3-30,  A  reproduction  of  Figure  3-30  is 
shown  abeve  for  reference  as  Figure  4.6 

4.  2  System  Performance  Envelope 

The  prototype  PRADS  System  wili  be  capable  of  satisfactory 
performance  over  a  wide  range  of  environmental  conditions. 
Figure  4.  7  shows  the  Air  Density  Envelope  w-ithin  which  succ¬ 
essful  low  altitude  airdrops  car;  be  expected  without  system 
modification  or  adjustment.  This  figure  indicates  that  system 
operation  will  be  repeatable  and  successful  at  -65°F  sea  level 
or  100°F  at  5000  feet  above  sea  level.  Further  flexibility 
could  be  gained  by  changing  the  number  of  parachutes,  number 
of  rockets  and  the  rocket  ignition  altitude  if  such  extreme 
scenarios  were  required.  Such  changes  are  ruled  out  of  the 
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picsent  prototype  system  to  keep  rigging  complexity  to  a  mini¬ 
mum  consistant  with  the  human  factors  study.  The  flexibility 
of  PRAPS  is  gained  through  the  interrelationship  ol  parachute 
velocity  at  rocket  ignition  and  the  distance  the  load  IrecfaUs 
between  rocket  burnout  and  ground  impa--t.  There  is  some  change  in 
rocket  thrust  levels  and  burn  times  of  the  motors  with  tempera¬ 
ture.  Assuming  that  the  motors  will  be  transported  o\er  some 
given  distance  bgforc  they  are  airdropped  and  fired,  the  extreme 
cold  soak  of  -65  F  will  rarely  be  seen  as  applied  to  present  air¬ 
drop  technology.  Currently  aircraft  such  as  the  C-130,  C-141 
and  C-5A  are  equipped  with  air  conditioning  and  heating  units 
providing  a  reasonably  comfortable  cargo  bay  allowing  efficient 
crew  functioning  at  all  times.  Based  upon  this  assumption,  the 
rocket  thrust  levels  will  not  vary  to  a  substantial  degree  in  a 
typical  range  of  scenarios  involving  an  airlift  of  a  few  hundred 
miles.  The  trade  off  study  included  performance  verification 
checks  at  these  temperature  extremes  and  the  prototype  system 
will  function  within  requirements  as  the  computed  trajectories 
indicate. 

■4.  2.  1  Performance  Trajectories 

Trajectory  comparisons  for  various  PRADS  configurations  are 
presented  to  sub„ ntiate  pc  -formance  over  the  required  en¬ 
vironmental  range.  This  data  is  taken  from  the  ’’PRAPS  Recov¬ 
ery  System  Trajectory  Program"  discussed  in  Section  4.  4. 

The  input  values  used  are  compatible  with  performance  duplica¬ 
ting  trajectories  for  the  live  system  tests  conducted  under  this 
contract.  Generally,  the  computed  trajectories  agree  to  with¬ 
in  plus  or  minus  5  percent  of  the.  test  velocity  and  impact 
attitude . 

Figure  4.  8  shows  the  system  trajectories  for  the  M-37  vehicle. 

This  load  weighs  less  than  eight  thousand  pounds  and  is  succ¬ 
essfully  recovered  with  a  cluster  of  eight  each  48  foot  diameter 
parachutes.  As  shown,  the  range  of  impact  zones  is  approx¬ 
imately  100  feet  going  from  1350  feet  under  the  conditions  en- 
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v red  a!  ;ca  !cv<_i  auu  -  o5  l"  up  to  1 4 1> ()  feel  fui  ?  drop  zonr 
at  5000  foot  altitude  i 1 5i  1 0  0  °  F  temperature  The  loss  dense 
atmosphere  decelerates  the  load  with  reduced  efficiency,  allow¬ 
ing  the  system  to  fly  larther  from  the  load  tipuff  position. 

Different  conditions  of  system  oscillation  introduce  a  horizontal 
impact  velocity  range  of  from  -19  feet  per  second  up  to  13  leet 
per  second  under  these  extreme  environments  Vertical  veloc¬ 
ity  ranges  are  from  27.  I  up  to  £7.4  feel  per  second  allowing  for 
only  75  percent  cluster  drag  efficiency. 

The  primary  advantage  of  PRADS  in  this  load  weight  lange  lies 
Hi  the  pe.ful  malice  of  the  close- coupled  parachute  subsystem. 
System  deceleration  is  achieved  repeatably  and  with  less  altitude 
loss  than  currently  possible  with  a  conventional  airdrop  system 
using  G-ll  or  (J  12  pa  i  cchutcs . 

Figures  4.9  and  4.  10  present  the  trajectory  extremes  lor  the 
M- 551  vehicle  or  a  similar  35,000  pound  gross  dropload  weight. 
The  purpose  of  showing  two  different  configurations  is  to  em¬ 
phasize  the  flexibility  of  the  PRADS  System  in  the  heavier  lord 
ranges.  While  either  of  those  two  systems  will  meet  perform¬ 
ance  requirements,  the  6  parachutes,  12  rocket  motor  system 
is  selected  because  it  affords  more  optimum  performance  r  serv 
and  generally  lower  impact  velocities  over  the  required  range  of 
environmental  conditions. 

R.  furring  to  Figure  4.  9,  3  parachutes  and  10  rocket  motors,  the 
vertical  impact  velocity  range  varies  from  25.1  feet  per  second 
up  to  28.  0  feet  per  second.  As  indicated,  by  the  -.'ngc  of  horiz¬ 
ontal  velocities,  -6.  t  feet  per  second  to  -11.  3  feet  per  second,  the 
system  is  resistant  to  velocity  inputs  from  excessive  oscillation. 
There  is  little  margin  foi  a  serious  parachute  failure  in  this 
configuration.  Excessive  cluster  interference  will  certainly  allow 
ground  impact  at  greater  than  28.  5  feet  per  second  since  full 
cluster  inflation  is  programmed  to  occur  about  one  second  before 
rocket  ignition  assuming  a  500  foot  release  altitude. 

Figure  4.  10  shows  predicted  trajectories  for  the  selected  35,000 
pound  dropload  configuration.  With  vertical  impact  velocities 


ranging  from  20,  8  f e l  per  second  up  to  26.  4  feet  per  second  a 
more  controlled  system  deceleration  is  achieved  with  a  nominal 
impact  velocity  near  23  feet  ner  second.  The  spread  of  horizon¬ 
tal  impact  velocities  varies  from  1  5  feet  per  second  to  11.4 
feet  per  second  allowing  an  impact  range  of  120  feet  variation 
over  the  environmental  extremes.  This  small  ”arialion  Is  another 
contributor  to  the  overall  drop  accuracy  of  PRADS,  This  con¬ 
figuration  will  operate  more  repeatablv  and  at  a  higher  overall 
performance  level  Ilian  the  other  usable  combinations  of  rocket 
and  parachutes.  For  this  reason,  it  is  selected  as  the  heavy 
load  range  PRADS  system.  Figure  4.  11  illustrates  the  sensit¬ 
ivity  of  this  configuration  by  comparing  impact  angle  and  impact 
vertical  velocity  against  the  release  altitude.  The  lightly  cross 
hatched  area  exceeds  15  at  impact.  The  darkly  cross  hatched 
area  exceeds  28.  5  fps  impact  velocity.  As  shown,  system  per¬ 
formance  is  acceptable  from  460  feet  absolute  and  higher  for  the 
required  environmental  envelope.  For  this  illustration  an  im¬ 
pact  angle  greater  than  +  15°  is  considered  excessive,  Similiar 
trade-off  and  performance  requirements  were  placed  on  each 
different  load  range  PRADS  configuration  and  the  s ye  ns 
selected  exhibit  comparable  performance  over  the  >d  opera¬ 

tion  range. 

4.2.2  Drop  Zone  Of  5000  Feet  At  41  °F 

For  a  drop  zone  altitude  of  5000  feet  a!  41°F,  no  changes  are 
required  to  any  of  the  rigged  configurations.  Specifically, 
the  M-551  vehicle  will  impact  at  20.  2  feet  per  second  with  a 
velocity  vector  normal  to  the  assumed  ground  level.  The  M-37 
vehicle  will  impact  at  28.0  feel  per  second  at  an  angle  of  5C  off 
the  vertical  axis.  This  performance  is  expected  since  the  drop 
zone  is  well  within  the  contract  requirements  which  extend  up 
to  5000  feet  at  100°F. 
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In  order  to  extend  the  application  of  PRADS  to  higher  altitude 
drop  zones  certain  changes  in  system  configuration  are  required. 
These  changes  are  minor  in  nature  and  are  direct  enough  to 
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permit  making  the  changes  at  the  field  rigging 
supervision  is  available. 

In  order  to  utilize  the  FRADS  at  10,  000  feet  at 
changes  are  required  to  the  basic  system.  The  M- 37  vehicle 
will  not  meet  the  performance  requirements  with  an  all  para¬ 
chute  recovery  system.  This  4x4  cargo  truck  requires  3  each 
48  foot  diameter  parachutes  and  2  each  standard  rocket  motors. 

The  load  will  be  falling  a!  about  60  feet  per  seoned  at  rocket 
ignition.  The  rockets  apply  about  1.  75  g-seconds  deceleration 
and  the  load  impacts  at  about  26  feet  per  second  vertical  vel¬ 
ocity  with  less  than  1  foot  per  second  horizontal  velocity. 

Rocket  burnout  occurs  at  about  3.  5  feet  above  the  ground  with 
the  load  in  a  stable  descent  condition.  A  heavier  load  such  as 
the  M-551  vehicle  requires  adjustments  in  the  parachute  vel¬ 
ocity  at  rocket  ignition  to  be  used  at  this  drop  zone.  The 
addition  of  one  additional  parachute,  making  a  cluster  of  seven 
48  foot  diameter  parachutes  and  utilizing  the  12  rocket  motors 
as  in  the  standard  system  allows  rocket  ignition  to  occur  at  a 
velocity  of  about  73  feet  per  second.  Rocket  burnout  is  2  feet 
above  the  ground  and  vertical  impact  velocity  is  20.  1  feet  per 
second.  Horizontal  impact  velocity  is  -6.  5  feet  per  second  with 
the  load  impacting  1  degree  from  vertical.  No  additional  adjust¬ 
ments  are  necessary  for  these  particular  droploads  and  similar 
rigging  changes  throughout  the  weight  range  aUovv  operation  at 
this  drop  zone. 

4.2.4  Drop  Zone  Of  15,  000  Feet  At  6°F 

Further  deviations  from  the  basic  rigging  configurations  allows 
system  operation  at  these  conditions.  The  M-  37  vehicle  requires 
4  each  48  foot  diameter  parachutes  and  two  standard  rocket  motors. 
Vertical  velocity  at  rocket  ignition  is  55.  6  feet  per  second  with 
the  load  in  a  stable  attitude.  Rocket  burnout  occurs  5.  4  feet 
above  ground  level  and  the  load  impacts  at  26.  4  feel  per  second 
vertical  velocity  with  no  horizontal  velocity  component.  The 


level  if  adequate 


2  3  F,  further 
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M  551  vehicle  will  require  a  cluster  of  8  standard  PRADS  para- 
<_V, nits  and  12  standard  rocket  motors  for  this  scenario.  Ver¬ 
tical  velocity  at  rocket  ignition  is  74  feel  per  second.  After  the 
2  22  g -seconds  deceleration,  rocket  burnout  occurs  about  1.  8 
fett  above  ground  level,  Vertical  impact  velocity  is  20.  5  feet 
per  second  and  the  horizontal  impact  velocity  is  -6.  9  feet  per 
second  Impact  attitude  is  only  2  degrees  off  the  vertical 
reference  for  this  trajectory. 

Table  4  l  summarizes  these  specific  drop  zone  altitude  para¬ 
meters  as  determined  by  the  "PRADS  Recovery  System  Tra¬ 
jectory"  computer  program. 


TABLE  4.  1 


PERFORMANCE 

PARAMETER 


a  No.  PRADS  Para¬ 
chutes 

b.  No.  PRADS  Roc¬ 

kets 

c.  Initiation  Altitude 

d.  Parachute  Vel¬ 

ocity  at  rocket 
ignition 

e.  Impact  Vertical 

V  el ociiy 

f.  Impact  Horizon¬ 

tal  Velocity 

g.  Impact  Angle 

from  Vertical 


5000'  41  * 


10,  000’  23°F 

(  15,  000’  6°F 

le,  Weight  8 

000  Lbs. 

3 

4 

2 

22.  0  Ft. 

60.  0  Ft/Sec. 

! 

2 

22.  0  Ft. 

55.  6  Ft/Sec. 

26.  0  Fl/Sec. 

26.  4  Ft/Sec. 

1.0  Ft/Sec. 

-  6.  9  Ft/Sec. 

3.  4° 

2° 

4.  2.  6 


SO, OOO  Pound  Loads 


Figure  4,  12  is  included  to  show  the  application  of  PRADS  to  the 
delivery  of  a  50,  000  pound  dropload.  The  overall  trajectory  i; 
about  the  same  as  for  the  present  35,  000  pound  load  In  order 
to  achieve  this  performance,  special  heavy  duty  64  loot  diameter 
parachutes  are  required.  Inflation  aids  are  also  necessary  to 
assure  repeatable  rapid  cluster  inflation.  These  aids  may  be 
either  aerodynamic  oi  ballistic  as  presently  described  by  state- 
of-the-art  technologies.  Consideration  to  force  modulating 
devices  or  techniques  may  be  necessary  to  prevent  destruction 
of  the  load  attachment  points  if  the  l.  5  C  per  point  is  maintained 
as  a  system  requirement.  Heavy  duty  webbing,  Type  XXVI  or 
stronger,  will  be  required  in  the  suspension  slings,  risers  and 
riser  extension. 


Recovery  System  Trajectory  Computer  Program 


The  trajectory  data  presented  is  derived  from  the  "Recovery 
System  Trajectory"  program.  System  dynamics  are  calculated 
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TRAJECTORY 


in  two  dimensions  with  the  parachute  and  payload  free  bodies 
connected  by  an  elastic  coupling.  Motion  of  each  body  is  a  function 
of  mass,  velocity,  and  the  external  forces  of  drag  and  tension. 
Figure  4.13  shows  a  deployed  system  with  rocket  pack  above  the 
payload.  Figure  4  14  shows  the  two  body  model  for  the  system 
This  program  is  written  in  FORTRAN  IV  language  for  the  IBM 
1130  computer  system. 


Recovery  System  Trajectory  Definitions 


WA  Weight  of  payload  (pounds) 

XA  Initial  payload  range  (feet) 

YA  Initial  payload  altitude  (feet) 

VXA  Initial  payload  horizontal  velocity  (feet  per  second) 

VYA  Initial  payload  vertical  velocity  (feet  per  second) 

THROA  Air  density.  If  there  is  no  input,  the  program 

determines  air  density  on  the  basis  of  payload 
initial  altitude. 

ROOTS  Rocket  table  indicator.  If  zero,  constant  rocket 

thrust  is  input  for  RQ  .  If  positive,  a  rocket  thrust 
vs.  time  is  used,  and  the  thrust  is  multiplied  by 
the  value  of  ROOTS,  (pounds) 

VPE  Initial  velocity  of  parachute  extraction  (feet  per 

second) 

PHI  Deployment  angle  of  parachute  (degrees) 

AVOLK  Effective  entrapped  air  volumn  constant 

AINER  Air  inertia  value 

FILLK  Parachute  opening  exponent 

DELT  Computing  time  increment  (seconds) 

FILLT  Parachute  opening  time  (seconds) 

TRSTM  Rocket  thrust  time  if  rocket  table  is  not  used 

(seconds) 

PRNTM  Computer  print- out  interval  (seconds) 

SO  Unstressed  susnension  i«ne  lencrtVi  /feet} 

_  i  -  - -  - O'"  ' - ' 

AREAX  Area  of  pilot  chute  (square  feet) 

CA  Drag  coefficient  of  payload 

RO  Rocket  thrust,  if  table  is  not  used  (pounds) 

R0ALT  Rocket  initiation  altitude  (feet) 
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Horizontal  and  vertical  reference  planes 
Parachute  position  (feet) 

Weight  of  the  parachute  (pounds) 

Velocity  of  the  parachute  (feet  per  second) 
Trajectory  angle  of  parachute  (degrees) 

Drag  of  the  parachute  (pounds) 

Position  of  payload  (feet) 

Weight  of  payload  (pounds) 

Velocity  of  payload  (feet  per  second) 

Trajectory  angle  of  payload  (degrees) 

Drag  of  payload  (pounds' 

Angle  defined  by  "x"  axis  and  the  force  line  between 
the  payload  and  the  parachute  (degrees) 

TWO  BODY  MODEL 


F igure  4.  14 


t 
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CP 

zo> 

AH  FAA 
WP 
Z(?N 
EC  ASK 

RHGA 

VXP 

VYP 

VA 

VP 

T 

S 

THETR 

Z 

EINFT 

E 

PM  ASS 

TENS 

DRAGP 

DXP 

DYP 

CXP 

FYP 

FP 

THE  TP 
AXP 


DRAGA 

DXA 

DYA 

R 

FXA 

FYA 


Parachute  drag  coefficient 
Constructed  diameter  of  parachute  (feet) 

Drag  area  of  payload  (square  feet) 

Effective  weight  of  parachutes  (pounds) 

Number  of  parachutes 

Elastic  coefficient  of  suspension  lines  (pounds  per 
foot  of  elongation) 

Air  density  (slug  ft.  ) 

Horizontal  velocity  of  parachute  (feet  per  second) 
Vertical  velocity  of  parachutes  (feet  per  second) 
Total  speed  of  aircraft  (feet  per  second) 

Total  speed  of  parachute  (feet  per  second) 

Time  (accumulation  of  increments)  (seconds) 
Distance  between  payload  and  parachute  (feet) 
Angle  between  payload  and  parachute  ,  measured 
from  horizontal  (degrees) 

Parachute  diameter  at  time  "T"  (feet) 

Time  since  parachute  began  inflating  (seconds) 
Effective  air  column  entrapped  in  the  parachute 
Parachute  mass  (slugs) 

Tension  between  payload  and  parachutes  (pounds) 
Parachute  drag  (pounds) 

Horizontal  vector  of  parachute  drag  (pounds) 
Vertical  vector  of  parachute  drag  (pounds) 
Parachute  horizontal  force  (pounds) 

Parachute  vertical  force  (pounds) 

Total  force  of  parachute  (pounds) 

Parachute  force  angle  (degrees) 

Acceleration  of  parachute,  horizontally  (feet  per 
second^) 

Acceleration  of  parachute  vertically  (feet,  per 
second  ) 

Drag  of  payload  (pounds) 

Horizontal  vector  of  payload  drag  (pounds) 
Vertical  vector  of  payload  drag  (pounds) 

Rocket  thrust  (pounds) 

Horizontal  force  on  payload  (pounds) 

Vertical  force  on  payload  (pounds) 
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FA 

THETA 

AXA 

AY  A 

VXA 

VYA 

VA 

BETAA 
BE  TAP 

4.  2 

WA 

XA 

YA 

VXA 

VYA 

TBHOA 

BOOTS 


vpr 

PHI+ 

A  VOLK 

AINER 

FILLK 

DFJ.T 

FILLT 

TRSTM 

PRNTM 

SO 

A  REAX 

C.A 

RO 


Total  force  on  payload  (pounds) 

Force  angle  on  payload  (degrees)  2 

Horizontal  acceleration  of  payload  (feet  per  secogd  ) 
Vertical  acceleration  of  payload  (feet  per  second  ) 
Horizontal  velocity  of  payload  (feet  per  second) 
Vertical  velocity  of  payload  (feel  per  second) 

Total  velocity'-  of  payload  (feet  per  second) 

Trajectory  angle  of  payload  (degrees) 

Trajectory  angle  of  parachute  (degrees) 

R ccovery  System  Trajectory  Input  Definitions 

Weight  of  payload  (pounds) 

Initial  range  of  payload  (feet) 

Initial  altitude  of  payload  (feet) 

Initial  horizontal  velocity  (feet  per  second) 

Initial  vertical  velocity  (feet  per  second) 

Air  density'  (otherwise  program  solves  it  based  on 
initial  altitude)  (slugs/ftJ) 

Rocket  table  indicator.  If  zero,  a  constant  rocket 
thrust  is  input  later  (RO).  If  positive,  rocket  table 
is  used  to  determine  thrust,  then  thrust  is  multiplied 
by  the  value  given  to  ROCTS.  (integer) 

Initial  velocity  of  parachute  extraction  (feet  per 
second) 

Angle  from  horizontal  at  which  parachute  is 
initially  extracted,  (degrees) 

Effective  entrapped  air  volumn  constant 
Air  inertia  value 

Parachute  filling  exponent  (integer) 

Computing  time  increment  (seconds) 

Parachute  fill  time  (seconds) 

Rocket  thrust  time  if  rocket  thrust  table  is  not  used 
(seconds) 

Computer  print-out  interval  (seconds) 

Suspension  line  length  (feet) 

Area  of  pilot  parachute  (square  feet) 

Drag  coefficient  of  payload 

Rocket  thrust  if  table  is  nut  used  (pounds) 
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ROALT 

CP 

ZO 

AREA  A 
WP 
ZON 
EL  ASK 


Rocket  initiation  altitude  (feet) 

Drag  coefficient  of  parachute 
Cut  diameter  of  parachute  (feet) 

Drag  area  of  aircraft  (square  feet) 

Effective  weight  of  all  parachute  canopies  (pounds) 
Number  of  parachutes 

Elastic  coefficient  of  suspension  lines  (pounds  per 
foot  of  elongation) 


The  initial  parameters  are  established  which  have  not  been  defined 
thoroughly  by  input  data.  The  density  of  the  air  is  determined 
based  on  the  system  initial  altitude,  in  the  absence  of  input  for  that 
value. 


where 


e 

e 


0.  00238/e 


(0. 0000415  Y. 


air  density 


The  parachute  initial  velocity  is  determined  (in  the  "x"  direction)  by 
Vxp  =  Vpe.  cos  0  +  Vxa 

where  V  =  initial  horizontal  velocity  of  the  parachute 

(ft/sec.  ) 

0  =  extraction  angle  of  the  parachute  (degrees) 

Vxa  =  initial  horizontal  velocity  of  the  payload 

(ft/sec.  ) 

The  parachute  initial  vertical  velocity  is  determined  by 


where 

The  total 


Vyp  =  Vp.  sin  0  +  Vya 

Vyp  =  initial  vertical  velocity  of  the  parachute  (ft/sec) 
V.^a  =  initial  vertical  velocity  of  the  payload  (ft/sec) 

velocity  of  the  payload  !s  determined  by 


where 


/  2  2 

V  =  \/  V  +  V 

a  v  xa  ya 

V  =  total  velocity  of  the  payload 

cl 


62 


The  tolal  velocity  of  the  parachute  is  determined  by 


who  re 


Vp  =  total  velocity  of  the  parachute 


The  primary  loop  of  the  program  follows  the  determination  of  the 
initial  conditions. 


The  distance  between  the  parachute  and  the  payload  is  determined 


by 


where 


c 

_ 


<Xa  -  V  +  (Ya 


-  Y  )*]  1/2 

P  J 


=  absolute  value  of  the  distance  between  the  para¬ 
chute  and  the  payload. 


The  relative  angle  between  the  payload  and  the  parachute  is  deter¬ 
mined  by  a  horizontal  line  through  the  payload  and  the  line  be¬ 
tween  the  payload  and  the  parachute  and  is  measured  with  the 
second  quadrant  being  positive. 

i>r  =  a, an  jT|va  -  Yp>  /  (X,  -  YpJj 

The  lime  is  incremented  by 

h  =  t  (i-l)  +  A  t 

where  tj  =  total  time  at  iteration  number  "i" 

/it  =  computational  time  increment 

If  the  suspension  lines  have  been  extracted  to  their  full  length, 
the  parachute  begins  to  open. 

Z  =  2.  Z„.  (Te/Tf)  *Kf 
- 

where  Z  =  diameter  at  time  "t!' 

Zv  =  cut  diameter  of  the  parachute 
Te=  time  elapsed  since  iine  stretch 
Tf  =  total  time  required  for  parachute  opening 
to  complete 
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I 


Kf  -  constant  which  defines  parachute  opening 
curve  ® 

innut'^he^lV  UblC  °i  paiaChute  diameter  vs.  time  has  been 
'  Ut\  ‘  labIc  13  uscd  ln  llcu  of  the  above  equation).  When  the 
parac  utte  leaches  its  maximum  diame  ter  of  2/3.  7  u  ceases 
increasing.  °  ceases 

The  drag  area  of  the  parachutes  is  defined  by 

Ap  =  f{0.  785.  Z2)  +  (O.OOE.z/n  N 

°  _ I  z 

A  !':!C  ;  total  circular  drag  area  of  all  parachutes 

-  total  number  of  parachutes 
The  length  of  the  squid  during  inflation  is  determined  by 
E  =  Hz  2  v?~)  1/2 


whe  re 


E  total  squldded  length 
^av  “  air  volumn  constant 


Then  the  parachute  mass  is 


where 


MP  a  Ap  ■  e  -E  +  Z  .Wn/3 2.2 

r 

Mp  =  mass  of  the  parachutes 


Payload  mass  is  defined  as 


whe  r  e 


Ma  =  Wa/32-  2 


Ma  -  mass  of  payload 


Tension  between  the  parachutes  and  the  payload  is  defined  as 
T  =  K  .  (S-SJ  ‘ 


whe  re 


T  -  tension 

K.e  -  elastic  coefficient  of  the  suspension  lines 
SQ  =  length  of  the  suspension  lines  when  not  under 
load 


The  drag  of  the  parachutes  is  defined  by 

„  2 

T1..  =  C  .  A  .0.5  ?  V 
?  P  P  ^  P 

where  D  =  crag  of  the  parachutes 

CD  -  drag  coefficient  of  the  inflated  parachute 


The  drag  is  broken  up  into  horizontal  and  vertical  components  by 
trignometric  relationships. 


where 


DxP «  L;  • 
Dyo  =  Dd” 


VxP/VpI 

V/vp| 


D  =dr;?g  of  the  parachutes  in  the  horizontal  direc¬ 
tion 


=  drag  of  the  parachutes  in  the  vertical  direc¬ 
tion. 


The  drag  values  are  then  signed  according  to  the  appropriate  dir¬ 
ection,  and  the  total  forces  on  the  parachutes,  are  solved  and 
summed. 


where 


F 

=  D 

+ 

T.  (X  --X  ) 

xp 

xp 

v  a  p 

s 

F 

=  D 

+ 

T  <Y  -Y  >  -W 

yp 

yp 

a  p 

P 


o 


force  exerted  on  the  parachutes  in  the  horiz¬ 
ontal  direction 

force  exerted  on  the  parachutes  in  the  verti¬ 
cal  di  rection 


6'-- 


Total  parachute  force  is  the  following: 

r  2 - z 

F  =\/F  4  F 

t  V  xp  v  n 


where  F  =  lotal  force  on  the  parachutes 

r 

Tlie  force  angle  of  the  parachutes  is  defined  by 
O  =  a  tan/  F  \ 


P 

where  ©p 

The  accelerations 
and  vertically: 


ft) 

-  force  angle  of  the  parachutes 

of  the  parachutes  are  defined  horizontally 


where 


A 


xp 


F 

xp 


=  parachute  acceleration,  horizontally 
-  parachute  acceleration,  vertically 


The  velocity  of  the  parachutes  is 


v  xpi 

=  vxp‘i“l)  +  Axp 

A' 

V 

ypi 

=  vyp<i"l)  +  Ayp 

■  A' 

where 

V 

T  xpi 

=  parachute  horizontal  velocity  at  time 
increment  I!i" 

Yypj  =  parachute  vertical  velocity  at  time  interval 


66 


Total  parachute  velocity  is 


who  re 


v  =  \/V  j  +  V  . 

p  V  XP'  ypi 

V  -  total  velocity  of  the  parachute 


The  positions  of  the  parachute  arc  found  to  be: 

X  ■  -X  ,.  ..  +V  At  +1/2.  A  (AO2 

P1  p  ('-U  xp  (i-l)A  XP  '  ' 

Ypi  =  Yp(i-l)  +Yyp(i-l)At  4  1/2.  Ayp.  (At)2 

where  X  .  =  horizontal  position  of  the  parachutes 

P  ^ 

Yp^  =  vertical  position  of  the  parachutes 

Behavior  of  the  payload  is  similarly  determined,  with  the  excep¬ 
tion  that  rocket  thrust  vectors  are  added  to  the  suspension  line 
tension  vectors  in  the  aircraft  force  equations. 


where 


Da  =  C  •  A  .  0.  5  P  .  V 

a  a  a  'a 

Dq  =  drag  of  the  payload  (total) 

Ca  -  drag  coefficient  of  the  payload 


The  total  drag  is  broken  up  into  horizontal  and  vertical  compon¬ 
ents  by  trignometric  relationships. 

=  D.  .  I  V  /vl 


Dva  =Da  ■  Vva/Vl 


where  D  and  D.r_.  are  horizontal  and  vertical  drag  forces, 

xa  ya  b 

respectively. 


The  drag  forces  are  signed  appropriately  and  the  horizontal  force 
vectors  are  summed,  including  the  rocket  force  when  appropriate. 


atiiiiiMi- 


xa 


=  -D  -T 
xa 


^ 


Xa*xP 


Nvncrc  r  xa  “  total  horizontal  force  exerted  on  the  payload 

R  -  total  rocket  force 

The  total  vertical  force  also  includes  the  rocket  vector,  plus  the 
payload  weight. 


ya 


=  -D  +  T  .  Y,  -  Y 
ya  Pa 


W  +  R  .  Y  -  Y 
a  Pa 


where  Fya  =  total  vertical  force  vector  for  the  payload. 
The  total  force  exerted  on  the  payload  is 


'  +  F  *■ 

xa  ya 

where  =  total  force  exerted  on  the  payload. 

The  angle  at  which  the  force  is  exerted  on  the  payload  is 
Q  =  a  tan  /  F  \ 

L_Ii 

!Fxa/ 

where  O  =  payload  force  angle. 

The  accelerations  of  the  payload  are  described  by 
A. 


’xa 


A 


ya 


=  F  /  M 

xa  a 

=  F  /  M 
ya  a 


where  A xa  and  Aya  are  horizontal  and  vertical  accelerations, 
respectively. 


The  velocities  of  the  payload  are 


^xai  ^xa(i-l) 


6S 


1 


I 


t 


< 


^yai  ~  Vya(i-l)  *  ^ya  '  ^  t 

where  V  .  and  V  .  arc  horizontal  and  vertical  velocities,  rcs- 
xai  y$i 

pccUvdy,  al  the  ,fi  !  eh  time  tntervaL  i'hc  total  velocity  of  the 
payload  is  the  vectoral  sum; 


V 

a 


yai 


•? 

Lj 


where  V 

a 


total  velocity  of  the  payload 


The  tangent  to  the  payload  trajectory  at  time  "tM  is 


where 


P. 


=  alan  /-Vyai 

( 

=  angle  (in  the  second  quadrant)  of  t’.'e  pay- 
load  trajectory. 


The  position  of  the  payload  at  time  "t"  is  determined  by 


^ai 

1 

OJ 

X 

II 

+  Vxa  .£1  +  1/2 

\a 

Yai 

-  Ya(i-l) 

+  Vya  +  1/2  ■ 

A 

ya 

•  (AD2 
.  (A  t)2 


The  following  information,  in  addition  to  all  inputs,  is  printed 
at  the  time  interval  specified  in  the  input: 

T  time  elapsed  since  system  activation  (seconds) 

YA  new  altitude  of  the  payload  (feet) 

XA  new  range  of  the  payload  (feet) 

VYA  vertical  velocity  of  the  payload  (feet  per  second) 

VXA  horizontal  velocity  of  the  payload  (feet  per  second) 

Q  angle  between  the  horizontal  and  the  tension  vector 

(degrees) 

S  distance  between  payload  and  parachutes  (feel) 


a 


t 
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DR  AG  A 
Z 

TENS 

R 

YP 

XP 

VYP 

VXP 

BETAD 

DRAGP 


total  parachute  drag  (pounds) 
individual  parachute  diameter  (feet) 
tension  in  the  suspension  lines  (pounds) 
rocket  thrust  (pounds) 
parachute  altitude  (feet) 
parachute  range  (feet) 

vertical  velocity  of  parachutes  (feet  per  second) 
horizontal  velocity  of  parachutes  (feet  p^er  second) 
trajectory  angle  of  the  payload  (degrees) 
parachute  drag 


4  4 


Reliability 


T'he  overall  operational  reliability  of  the  PRAD  System  is  very 
high.  The  prototype  system  has  eliminated  the  deficiencies  dis¬ 
covered  in  the  test  hardware  performance  and  a  concerted  effort 
to  simplify  the  entire  system  has  yielded  significant  improve¬ 
ment  in  rigging  procedures.  Further  modifications  wdll  become 
apparent  during  the  engineering  development  program.  Most  of 
these  problems  are  solved  by  an  overall  system  approach  to  the 
hardware  and  rigging  requirements.  Every  effort  has  been  ex¬ 
pended  Lo  assure  universal  rigging  procedures  throughout  the 
dropload  weight  range.  This  simplification  has  allowed  the 
tremendous  reductions  in  system  preparation  time  and  placed 
minimum  emphasis  on  the  need  for  highly  skilled  rigging  personnel 
at  all  levels  except  the  final  rigging  checkout  procedure. 


Table  4.2  lists  major  hardware  improvements  based  upon  defi¬ 
ciencies  discovered  during  exploratory  system  testing. 
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TABLE  4.  2 


Known  Tefal  Problems 

Riser  Extension  Failures 

False  Altitude  Sensing 
by  Probes 

Suspension  Sling  Failure 
due  to  rocket  blast 


Proposed  Design  Fix 
Stronger  Extensions 
Laser  Altimeter  Proposed 


Single  Rocket  Pack  with  Nozzles 
Spaced  FarLher  About  a  Larger 
Radius 


Excessive  Ti.p-Off  Rates 


Excessive  Force  Inputs 
Into  Suspension  Slings 
at  Rocket  Ignition 

Rocket  End  Cap  Failure 

Excessive  Parachute 
Opening  Shock 

Complicated  Ignition 
System  Ci  rcuit 


Change  to  Longer  Extraction- Force 
Transfer  Lanyard 

Change  Rocket  to  s  "Soft"  Igni¬ 
tion  Design  to  Minimize  Bridle 
Dynamic  Loads 

New  Rocket  Motor  Design 

Modified  Parachute  Design  With 
Open  Ring  Near  Apex 

Simplified  Electric  Solenoid  Gas 
Valve  Proposed  Incorporating 
Full  Protection  from  Unpro¬ 
grammed  Rocket  Ignition 


4.4.1  Rigging  Procedure  Errors 

As  with  conventional  aerial  delivery  systems,  the  most  preval¬ 
ent  PRADS  failure  is  due  directly  to  procedure  errors.  This 
further  indicates  that  the  complexity  of  any  airdrop  system  has 


7' 


to  bo  minimized  to  increase  the  operational  reliability  Jcvo!  ■  •  The 
adaptation  of  'Tail-safe"  procedures  in  the  rigging  of  vehicles 
for  airdrop  is  seen  as  one  major  area  of  needed  improvement. 

Tlie  continuation  of  100  percent  inspection  of  all  rigging  stations 
and  procedures  is  necessary  '.o  attain  satisfactory  operational 
reliability  levels.  It  became  obvious  during  the  test  program  that 
the  complexity  of  the  safety  system  was  contributed  to  by  the 
several  different  lanyards  which  pulled  pins,  activated  timers 
and  allowed  series  events  to  occur  was  avoidable  by  a  better  de¬ 
sign  approach.  The  prototype  system  allows  a  more  positive 
time  sequencing,  yet  is  straight  forward  using  two  lanyards  and 
an  electronic  timing  circuit  to  program  rocket  initiation.  These 
series  events  allow  positive  control  over  system  arming,  yet 
they  are  easily  rigged  and  checked.  Close  observance  of  human 
factors  engineering  requirements  has  provided  significant  over¬ 
all  improvement  in  the  specific  rigging  steps  and  contributed  to  a 
higher  overall  system  reliability. 

4.4  2  Parachute  Packing  Improvements 

The  parachute  packing  procedure  for  the  PRADS  4S  foot  diameter 
parachutes  will  be  essentially  the  same  as  for  tne  46  foot  para¬ 
chutes  tested  under  this  contract.  The  packing  bag  thus  evolved 
will  be  straight  forward  with  a  design  that  permits  self- chccki ng 
and  inspection  of  all  important  phases  of  the  packing  procedures. 
Tne  light  weight  of  ihe  packed  parachute  will  be  such  that  critical 
inspection  of  pack  closing  operations  should  not  be  omitted  be¬ 
cause  of  difficulty  in  lifting  the  pack  or  in  turning  it  around  for 
closer  inspection. 

The  basic  bag  design  allows  s  elf- checking  at  minimum  incon¬ 
venience  further  simplifying  packing  by  isolating  the  canopy, 
suspension  lines,  and  risers  into  separate  compartments  within 
the  bag  assembly.  Reasonable  care  exercised  during  the  pack¬ 
ing  procedure  will  increase  the  probability  of  successful  chute 
deployment. 

Utilization  of  pack  length  zippers  along  both  sides  of  the  pack 
allows  easy  closing  of  the  pack  with  quickly  secured  break  ties 
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at  the  bottom  flap  and  at  locations  along  the  interior  stows  of 
the  risers,  suspension  lines  and  canopy  material,  make  difficult 
many  of  the  frequent  packing  errors  now  common  with  in-ser- 
vicc  cargo  parachutes. 

Since  the  canopy  and  suspension  lines  are  of  heavy  duty  design, 
operational  reliability  will  be  very  high  throughout  the  design 
range  of  requirements.  Overall  parachute  reliability  s 'mould  be 
capable  of  exceeding  0.  998  at  the  90  percent  confidence  level. 

4.  4.  3  Parachute  System  Reliability 

The  heavy  duty  48  foot  diameter  parachute  is  constructed  strong 
enough  to  withstand  opening  shock  under  infinite  mass  Loading 
at  130  knots  airdrop  conditions  without  failure.  The  airdrop 
failures  associated  with  the  parachute  disconnect  mechanism 
have  been  eliminated  since  this  device  is  not  used  in  PRADS. 

The  adaptation  of  heavy  duty  riser  extensions  and  risers  will 
assure  higher  margins  of  safety  ar.cl  enhance  system  reliability. 
An  overall  parachute  subsystem  operational  reliability  is 
estimated  to  be  g ’  eater  than  0.  998. 

4.  4.  4  Ground  Sensing  System  Reliability 

As  demonstrated  under  the  test  phase  of  this  contract,  the 
flexible  ground  sensing  probe  has  reliability  problems  when 
placed  in  an  active  environment  such  as  cargo  airdrops,  For 
this  reason,  alternate  altimeter  methods  were  investigated  and 
a  simple  laser  system  was  selected  to  trigger  the  rocket  initia¬ 
tion  sequence.  Section  4.6  presents  the  supporting  information 
developed  for  this  trade  off  analysis.  A  major  factor  in  reliable 
operation  of  the  altitude  sensing  unit  is  the  ease  of  installation 
of  the  unit  in  a  fail-safe  manner.  Presently,  details  are  not 
sufficiently  defined  to  offer  a  complete  explanation  of  the  mount¬ 
ing  :  yslom  required.  Further  work  is  indicated  in  this  area  and 
prototypes  should  lie  completely  analyzed  with  human  factors  the 
preeminent  consideration.  The  achievement  cf  a  workable  design 
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will  be  dependent  upon  a  very  high  reliability  at  the  rigging  level 
with  supervisory  requirements,  botli  easily  identified  and  checked 
as  to  their  correctness. 

The  altitude  sensing  system  will  be  required  to  demonstrate 
ultra  high  reliability  as  a  part  of  its  qualification  program. 

Proof  of  operation  at  a  reliability  level  of  0.  9999  at  a  90  percent 
confidence  level  is  required  by  the  subsystem  specification. 

Since  the  unit  is  electi  anic  and  easily  refurbished,  this  high 
reliability  can  be  established  at  a  moderate  cost  level. 

4.4.5  Rocket  Motor  Reliability 

The  rocket  motor  reliability  must  be  very  high  for  the  PRAD 
System.  The  failure  of  one  rocket  motor  in  a  given  configura¬ 
tion  will  allow  excessive  impact  velocity  causing  an  unknown 
degree  of  damage  to  the  dropload.  The  design  goal  for  rocket 
reliability  has  been  established  as  0.  599.  This  value  is  to  be 
determined  by  methods  other  than  a  full  reliability  demonstration 
program.  Comparison  of  the  design  and  manufacturing  procedures 
to  existing  motors  of  high  reliability  and  component  testing 
programs  will  have  to  supply  t.ic  data  required  in  order  to  keep 
the  motor  qualification  costs  at  a  reasonable  level. 


4.  4.  6 


R  ocket 


ck  Reliability 


The  incorporation  of  nondestructive  tests  and  competent  design 
practices  assure  the  rocket  pack  of  a  high  operational  reliability. 
The  inass  and  strength  of  the  pack  afford  good  protection  for 
this  item  in  field  use.  The  high  pressure  gas  system  is  con¬ 
sidered  a  part  of  the  rocket  pack  for  this  discussion.  This  gas 
supply  subsystem  will  be  subjected  to  a  full  qualification  program 
at  minimum  cost  since  the  unit  suffers  no  damage  in  its  opera¬ 
tion  cycle.  The  unit  is  fully  enclosed  within  the  rocket  pack  and 
will  see  little  or  no  destructive  forces  in  actual  airdrop  opera¬ 
tion.  The  operational  reliability  of  the  rocket  pack  assembly  is 
estimated  to  be  at  least  0.  999. 


4.  4.  7  Overall  System  Hardware  Reliability 

The  subsystems  as  herein  discussed  operate  as  series  events 
in  airdrop  operation.  The  overall  hardware  reliability  is 
established  by  multiplying  the  individual  reliabilities  of  these 
components  together.  This  would  indicate  an  inherent  opera¬ 
tional  reliability  level  of  from  0.  984  to  0.  975  over  the  system 
configuration  range.  The  reliability  of  the  all  parachute  M-37 
type  vehicle  is  defined  as  a  parallel  event  constituted  by  per¬ 
formance  of  each  of  the  eight  parachutes.  This  argument 
indicates  that  the  inherent  reliability  for  this  configuration  is: 
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l.  000  -  (No.  chutes  *  chute  failure  rate) 

=  1.  000  -  (8  X  .  002) 

=  0. 984 

The  inherent  reliability  of  the  configuration  required  to  airdrop 
the  M-E51  vehicle  or  other  35,000  pound  dropload  is  somewhat 
more  complicated  since  12  rocket  motors  and  the  rocket  pack 
and  the  altimeter  system  must  perform  according  to  their  design 
specifications  in  addition  to  each  of  the  six  48  foot  diameter 
parachutes.  This  reliability  is  defined  by: 

parachute  system  reliability  *  altimeter  reliability 

brocket  pack  reliability  *  rocket  motor  system  re¬ 
liability 

(1.  0  -  6  x  .  002)  *  0.  9999  *  0.  999  * 

(1.  0  -  12  *  .  001)  = 

0.  988  *  0.  9999  *  0.999  *  0.  988  =  0.  975 

This  analysis  assumes  that  the  failure  of  one  parachute  or  one 
rocket  will  effect  system  operation  significantly  and,  therefore, 
treats  them  as  series  events  in  the  reliability  network. 

Refinement  of  these  reliability  estimates  is  dependent  upon 
analysis  of  the  prototype  hardware  under  field  test  conditions 
and  use  and  upon  a  continued  improvement  program.  Actual 
qualification  test  data  for  the  rockets  and  parachutes  will  have 
a  major  part  in  improving  the  ’-eliability  estimates  for  PRADS. 
Achievement  of  a  system  rcl  ability  of  0.  995  will  be  possible 
and  wit.  not  require  system  improvements  other  than  minor 
design  and  human  factors  c  mccssions. 

4.  5  Sling  Force  At  Rocket  Firing 

Glossary  of  Symbols 

a,  b,  G  h-  G^  -  Arbitrary  constants  used  in  computation. 
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Cj  -  Fraction  of  total  burn  time  to  full  thrust. 

D  -  Damping  constant. 

-  Suspension  sling  total  torce. 

F  -  TotaL  rocket  vertical  thrust, 
m 

K  -  Suspension  sling  force  elongation  constant, 
m  -  Mass  of  rocket  pack. 

SR  -  Slope  of  rocket  force  buildup  (ramp). 

T  -  Period  of  natural  frequency  of  rocket  pack  with  respect  to  load. 

t|  -  Time  to  full  rocket  thrust  from  ignition. 

t,  -  Total  rocket  burn  time, 
b 

x  -  Position  of  rocket  pack  with  respect  to  load, 

x  -  Velocity  of  rocket  pack  with  respect  to  load. 

4.  5.  1  Problem  Statement 

Can  a  reduction  in  the  peak  forces  occurring  in  the  suspension 
bridle  lines  be  accomplished  by  generating  a  ramp  type  of  thrust 
rise  in  the  rctrorocket  for  a  parachute- retrorocket  recovery  sys¬ 
tem  ? 

4.  5.  2  As  sumptions 

a.  The  rocket  thrust  shall  be  a  ramp  function  to  maximum  force 

level  at  t^  (tj  =  tb)  and  shall  be  constant  thereafter  until  burn- 

out  tfe. 

b.  As  the  slope  or  the  ramp  function  is  varied,  the  total  rocket 
impulse  will  remain  constant  at  1000  units. 
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c.  The  test  results  on  the  PR  ADS  drop  U  El  Centro  will  be  used 
as  basis  for  determining  the  system  parameters. 


4.  5.  3 


Calculation  of  Ramp  Slope 
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4.  5.  4  Calculation  of  Suspension  Sling  Forces  (Figure  4.  I?) 

AT:  t  =  0,  x  =  x  =  0  _  : 


LET:  a  =  _D 
2m 

b  VZ  .  a: 


Simplified  System 
Schematic 


Then  for  time  in  the  interval:  C^t^  t  —  tb  } 

Fb  =  S r  /t- (t-Cttb)  4_e_-atSin  (bt  +  ©2)  -  e-aU-CLtbj 

L _ _h _ _ _  _  _  To- _  _ _ 

^Sin  [b  (t-Cub)  4  O^Jj  * 

=  S  r  ^Cjtb  +  _e  a*  [sin  (b^+O^)  -e  +  a<^-'ltb  Sin  (b[  +  O; 


where  G2  =  ARCTAN  b/a 

1-  K-  , 

_  2ma 

®3  ”  ®2  ‘  b  <~Ttb 


^Applied  mathematics  for  Engineers  and  Physicist,  Louis  A.  Pipes, 
Chapter  VIII 


4.  5.  5 


Pa  r  a  met  or  Evaluation  (Figure  4.  16) 


In  PRADS  Test  No.  202-19,  the  following  values  were  realized 

T  =  . 28  =  .  14  sec. 

2 

b  =  2  TT  =  44.  9  Rad.  /Sec. 


SUSPENSION  SLING  TENSION 
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O  v  ershoot  =  21.4% 
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ROCKET  THRUST,  F,  IS  OUTLINED  BY  RAMPS  lf  2,  3  and  TAIL  OFF 
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ROCKET  THRUST  RAMPS 
Figure  4.  17 
86 


2  The  optimum  slope  for  ramp  is  a  tune lion  of  the  mass  of 
the  rocket  pack  and  the  elongation  spring  constant  of  the  sling. 

The  ramp  rise  time  should  be  in  the  order  of  70  percent  of  the 
rocket  pack  oscillation  period. 

3.  Progressive  burning  of  the  rocket  grain  should  be  provided 
after  the  initial  ramp  type  thrust  rise  to  compensate  for  the  first 
overshoot  and  for  the  parachute  riser  forces. 

4.  6  Absolute  Altitude  Sensing 

A  review  of  the  system  proposed  for  PRADS  -  The  Parachute  Retro- 
rocket  Airdrop  System. 

Statement  of  the  Problem 

Because  of  certain  combinations  of  speed,  attitude,  altitude,  and 
motion  rales,  the  recovery  of  a  dropload  via  a  system  which 
requires  ignition  of  a  recovery  rocket  presents  special  problems 
to  an  altitude  sensing  system. 

Without  belaboring  a  description  of  complete  system  performance 
requirements  and  problematical  situations,  it  may  be  briefly 
slated  that  not  only  must  the  selected  system  satisfy  many 
dynamical  requirements,  but  it  must  also  be  reliable,  accurate, 
light,  relatively  inexpensive,  and  be  capable  of  unambiguous 
determination  of  absolute  altitude  above  a  surface  able  to  sup¬ 
port  the  recovered  dropload. 

Background 

Fruitful  research  of  the  literature  (Kef.  I  and  2),  considerable 
experience  with  and  testing  of  similar  systems  (Ref.  3  and  4) 
and  liaison  with  manufacturers  of  applicable  equipment  (Ref.  5 
thru  8)  has  facilitated  the  selection  of  a  system  which,  at  this 
time,  most  satisfactorily  meets  the  requirements. 

Final  selection  was  made  from  five  candidate  systems,  and  a 
summary  of  the  characteristics  of  the  systems  which  were 
eliminated,  and  a  technical  discussion  of  the  selected  system, 
are  provided  for  comparison. 
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Ps t  ado  Random-  Noise  A Uimet er 


In  I  In  Psc-udu  Noise  Altimeter,  a  noisi  like  signal  is  used  to 
modulate  an  r- f  carrier.  The  time  delay  between  transmitted 
ind  lucei-id  signals  is  proportional  to  altitude.  Digital  sequences 
arc  otlcii  used  as  the  noise  modulation  signals  since  Lhey  are 
relatively  easy  to  implement  and  control.  The  advantages  of  the 
psi ad  i  noise  system  ale;  (1)  range  ambiguities  can  be  avoid¬ 
ed  (2)  peak  power  is  avoided  since  the  signal  is  transmitted 
continuously:  (3)  the  correlation  functions,  which  are  used  to 
measure  time  delay  and  thereby  altitude,  resemble  short,  narrow 
impulse  iun.tions,  thus  providing  an  inherent  capability  for  high 
resolution.  A  disadvantage  is  that  the  noise  modulation  ranging 
technique0  arc  relatively  new  and  undeveloped.  This  system 
is  resistant  to  extraneous  inputs  which  cause  false  altitude  read¬ 
ings  A  development  program  can  solve  most  of  the  present 
restrictions  on  tins  system  as  state-of-ari  advances  are  frequent 
in  this  area.  Presently,  development  cost  estimates  for  this 
system  are  high  and  lead  time  is  about  six  months.  For  these 
reasons,  Ps eudo- R andom  Noise  Radar  Altimeters  are  a  second 
choice  to  a  laser  system"). 

Pulse-  Radar 

A  pulse  radar  determines  altitude  by  measuring  the  time  delay 
between  transmitted  and  received  (echo)  pulses.  In  order  to 
avoid  interference  between  transmitted  and  received  signals, 
short  pulses  are  required.  For  this  application,  the  pulse  width 
requirement  is  a  fraction  of  a  nanosecond,  which  is  currently 
achievable.  One  of  the  primary  advantages  of  a  pulse  radar 
technique  is  ils  relative  simplicity.  This  simplicity  is  reduced 
as  protection  circuits  are  added  to  minimize  ECM  and  other 
false  signals  to  which  the  basic  system  is  vulnerable. 

Sonic  Altimeter 

Some  altitude  sensing  principles  are  similar  to  radio  altitude 
sensing  principles  exce.pt  for  the  medium  utilized.  Sonic  devices 


have  a  relatively  slow  reaction  time  as  compared  to  radio  devices. 
Compensation  for  the  slow  reaction  time  involves  added  system 
complexity.  Further  complexit  y  results  by  making  the  sensing 
accurate  over  a  range  of  temperatures  and  atmospheric  pressures. 

Mechanical  Probes 

The  basic  mechanical  probe  is  a  device,  extended  from  the 
vehicle  on  command  prior  to  reaching  the  critical  altitude,  to 
sense  when  contact  is  made  with  the  landing  surface.  Two  general 
types,  flexible  and  rigid,  with  numerous  variations  in  techniques, 
have  demonstrated  capability  in  similar  applications.  Mechanical 
probes  arc  highly  reliable  and  can  operate  independently  of  am¬ 
bient  light  levels  and  the  presence  of  dust,  rain  or  fog.  The 
flexible  probe's  accuracy  is  degraded  by  oscillation  of  the  load 
platform  and  wind  conditions.  Because  of  its  dependence  upon 
stable  conditions  at  activation,  the  mechanical  probe  requires 
major  improvements  to  be  usable  as  an  initiation  signal  for  roc¬ 
ket  ignition. 


Optical  Altimeters 


Optical  altimeters  in  general  are  subject  to  calibration  pro¬ 
blems  created  by  variable  attenuation  and  reflection  problems. 
Dust,  fog,  rain  and  snow  produce  varying  attenuation  of  light. 

In  addition,  some  optical  altimeters  are  affected  by  varying  am¬ 
bient  light  levels  such  as  the  contrast  between  day  and  night. 

Active  Optical  Altitude  Sensors  (Laser) 

The  Active  Optical  Altimeter  determines  altitude  by  the  reflected 
image  of  a  laser  light  source  being  focused  into  a  prealigned 
photocell  and  lens  system.  The  photocell  then  triggers  the  re¬ 
quired  rocket  initiation  signal.  The  unit  being  considered  is  a 
laser  sys.eui  utilizing  a  gallium  arsenide  coherent  infrared  trans¬ 
mitting  cell  with  simple  optics,  and  a  silicon  photocell  receiv¬ 
ing  unit,  with  simple  optics  and  filters,  arranged  in  a  crossed 
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beam  geometry.  This  altimeter  is  sensitive  to  pitch  and  roll 
motions  of  the  dropload  since  the  accuracy  is  dependent  upon 
line- of- sight  distance  to  the  ground.  Development  of  a  more  com¬ 
plex  system  results  in  the  sampling  of  an  area  the  shape  of  a 
pyramid  or  cone  thereby  eliminating  sensitivity  to  oscillations 
in  pitch  and  roll.  The  critical  parameters  of  terrain  reflectance 
values  and  background  "noise'1,  separately,  and  combined,  have 
bet  n  studied,  and  solutions  are  available  which  do  not  com¬ 
promise  performance.  This  system  is  resistant  to  extraneous 
inputs  which  cause  false  altitude  readings.  Low  development 
costs,  comparatively  low  unit  costs,  and  prompt  delivery  make 
this  system  very  attractive. 

Based  upon  a  trade-off  of  the  available  data,  the  Active  Optical 
Altimeter  is  the  best  choice  for  a  rockel  initiation  signal  system 
in  the  PR  ADS. 

Selection 


The  method  selected  to  determine  altitude  and  fire  the  rocket 
motors  for  the  PRADS  shall  be  an  Optical  Ground  Sensor,  This 
unit  is  a  solid  state  infrared  optical  sensor  which  provides  a 
firing  pulse  to  ignite  the  retrorockets  when  the  load  platform 
reaches  a  height  of  25  feet  above  ihe  ground  surface. 

Technical  Discussions 


Crossed  Beam  System  Concept 

The  Optical  Ground  Sensor  consists  of  an  optical  transmitter 
and  receiver  units  configured  in  a  crossed  beam  system  that 
provides  an  output  when  a  predetermined  distance  from  the 
ground  has  been  reached.  This  crossed  beam  system  produces 
the  distance  indication  with  a  high  degree  of  accuracy  with¬ 
out  resorting  to  complicated  and  expensive  signal  processing 
circuitry.  The  area  being  scanned  will  be  perpendicular  to  the 
bottom  of  the  dropioad  platform.  An  altimeter  of  this  con- 


figuration  will  be  capable  of  functioning  acceptably  at  pitch  or 
roll  angles  on  the  order  of  plus  or  minus  20  degrees. 

Figure  4.  Id  illustrates  the  operation  of  the  crossed  beam  tech¬ 
nique.  The  transmitter  and  receiver  units  are  mounted  on  a 
support  structure  that  separates  the  two  units  by  a  fixed  distance 
and  rigidly  maintains  the  optical  alignment  between  the  two  units, 

The  transmitter  and  receiver  radiate  and  receive  energy  ir.  a 
very  narrow  beam  along  the  optical  axis. 

The  transmitter  beam  is  formed  by  emitLcd  light  energy.  The 
receiver  accepts  light  energy  only  from  sources  inside  a  narrow 
volume  formed  by  the  intersection  of  the  transmitted  beam  and 
the  receiver  acquisition  beam.  The  angle  between  the  beams  is  such 
that  the  transmitter  beam  and  receiver  beam  intersect  a  pre¬ 
determined  distance  from  the  units.  The  volume  of  intersection 
extends  over  a  range  of  distances  due  to  the  finite  dimensions  of 
the  t-\o  beams.  The  maximum  and  minimum  range  shown  in 
Figure  4.  18  defines  the  limits  of  this  region  of  intersection. 

Infrared  light  from  the  transmitter  beam  reflected  by  the  ground, 
located  at  a  distance  greater  than  the  maximum  range  does  not 
fall  in  the  receiver  beam.  When  the  sensor- to-ground  range 
decreases  to  a  point  that  the  ground  is  found  in  the  region  of  inter¬ 
section.  energy  from  the  transmitter  reflected  by  the  ground  is 
detected  by  the  receiver  and  the  Optical  Ground  Sensor  produces 
an  output  indicating  the  presence  of  the  ground.  No  transmitted 
energy  is  detected  from  a  target  at  a  range  less  than  the  minimum 
range,  however,  this  is  of  little  concern  since  the  desired 
ground  target  must  proceed  through  the  region  of  intersection 
before  passing  through  the  minimum  range. 

Performance  of  the  Crossed  Beam  System 

The  performance  of  the  crossed  beam  system  can  be  evaluated  by 
considering  the  effects  of  various  parameters  on  the  receiving 
signal  power.  The  power  level  of  the  light  beam  arriving  at  the 
receiver  is  proportional  to  several  factors  as  shown  in  the 
following  equation: 
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whc  re 


1  >l;oCP,r  T  A  £ 

R 


I’y  -  Iransmittcr  optical  power 
T  -  transmitting  lens  efficiency 


A  -  target  surface  area  common  to  both  trans¬ 
mitting  and  receiving  beams 

f  -  target  reflectivity 
7]  R  -  receiving  lens  efficiency 

R  -  range  between  optical  sensor  and  target 


The  common  surface  area  of  the  target,  A,  is  not  a  constant 
but  varies  with  range,  R,  separation  of  the  transmitter  and 
receiver,  S,  bearmvidths  of  the  transmitter,  O-p,  and  receiver 
©R ,  and  tilt  of  the  optical  aces,  Q).  At  ranges  greater  than 
maximum  range  or  loss  than  the  minimum  range,  the  value  of 
A  is  zero.  Between  the  two  limits,  the  value  of  A  reaches  a 
maximum  when  the  full  area  of  the  receiver  beam  overlaps  the 
transmitter  beam.  Thus,  the  surface  area  A  can  be  written: 


A  =  A(R ,  S,  ©T,  ©R,  0  ) 


The  relationships  involved  have  been  developed  and  programmed 
for  computer  solution.  Figure  4.  19  shows  PR  vs.  R  assuming 
the  transmitter  and  receiver  have  beam  widths  of  0.  2  degrees, 
a  separation  of  28  inches,  and  a  tilt  of  1.  75  degrees.  The  two 
curves  shown  are  for  target  reflectivities  of  0.8,  (high)  and 
0.  1  (low). 

Tin*  receiver  circuitry  contains  a  threshold  detector  set  to 
produce  a  "fire"  signal  if  the  received  power  exceeds  a  pre¬ 
determined  level.  A  line  has  been  drawn  on  the  received  power 
versus  range  plot  ol  Figure  4.19,  to  indicate  this  threshold 
level.  The  crossed  beam  system  circuitry  produces  an  output 
indicating  target  detection  when  the  received  power  curve  inter¬ 
sects  the  threshold  level  line.  The  Figure  reveals  that  R ,  is  the 
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CROSSED  BEAM  FCJZE  RECEIVED  POWER  VS.  RANGE 


Figure  4.  IV 


target  detection  range  for  a  high  reflectivity  target  and  's  the 
range  associated  with  low  reflectivity. 

Parameters  influencing  the  target  detection  range  have  been  shown 
to  be  Qy,  O^,,  S,  P,  and  .  Each  of  the  first  four  terms  is  a 
constant  for  a  crossed  beam  system,  thus  variation  in  detection 
range  will  be  dependent  upon  target  reflectivity  only. 

Op t i c a  1  G  r ound  Sensor  Block  Diagram 

A  block  diagram  of  the  Optical  Ground  Sensor  is  giv~n  in  Figure 
4.  20.  The  tensor  system  transmits  pulses  of  light  energy  and 
the  receivers  detect  energy  reflected  from  targets  at  the  proper 
range.  Ranging  is  determined  entirely  by  the  crossed  beam  geo¬ 
metry,  and  pulsed  system  is  used  because  of  the  thermal  limit¬ 
ations  of  the  laser  diode. 

A  description  of  each  of  the  major  subsections  is  given  in  the 
succeeding  paragraphs. 

T  ransmitter 

Tiie  transmitter  electronics  consists  of  a  PR  F  generator  and  a 
laser  diode  modulator.  A  l  kHz  pulse  train  is  generated  and 
used  to  trigger  the  modulator.  At  the  typical  ground  approach 
speed  of  65  fps,  the  Optical  Ground  Sensor  travels  only  0.  78 
inches  during  the  1  ms  interval  between  transmitter  pulses  and, 
therefore,  pulsing  at  a  l  kHz  pulse  rate  is  more  than  adequate 
to  maintain  overall  system  accuracy  of  +  l  ft.  The  moclulator 
charges  an  energy  storage  circuit  during  the  interpulse  period 
and  then  transfers  this  energy  to  the  laser  diode  during  the 
pulse.  A  signal  indicating  the  time  of  the  pulse  is  also  sent 
to  the  receiver  circuitry  for  noise  gating  purposes. 

The  semiconductor  laser  diode  used  is  a  p-n  junction  gallium- 
arsenide  injection- laser  diode  which  emits  radiation  at  a  wave 
length  of  9050  angstroms,  in  the  near  infrared.  The  light  out¬ 
put  pulse  width  is  approximately  0.  15  microseconds  and  has 
a  peak  amplitude  exceeding  2  watts. 
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OPTICAL  GROUND  SENSOR 
BLOCK  DIAGRAM 


I 


Each  transmitter  optical  system  uses  a  two  lens  system  that 
collects  the  light  emitted  lro  n  the  laser  diode  p-n  junction  and 
collimates  this  energy  into  a  beam.  In  the  process  an  image 
of  the  p-n  junction  is  projected  upon  a  target  at  a  range  of 
approximately  23  ft.  The  junction  and  its  image  are  rectangular 
in  shape  resulting  in  an  overall  beam  width  of  0.  2  degrees  in 
a  plane  common  to  both  beams  and  typically  0.  0  degrees  per¬ 
pendicular  to  this  plane. 

11  ec  e  i  re  r 

The  receiver  optical  system  is  used  Lo  colect  light  energy  from 
any  object  in  the  receiver  beam  and  focus  tnis  energy  on  the 
photo-detector.  The  optical  system  uses  two  lenses  and  a 
rectangular  photo-  detector  lo  provide  a  beam  v  idLh  of  0.  2 
degrees  by  0.  6  degrees.  The  use  of  asymmetrical  beam  widths 
in  both  lhi>  transmitter  and  receiver  allows  accurate  crossed 
beam  range  determination  without  demanding  extremely  critical 
alignment  oi  the  system  perpendicular  to  the  plane  common  to 
both  beams . 

The  electronics  portion  of  the  receiver  begins  with  the  photo- 
dctector;  a  silicon  planar  PIN  photodiode.  The  spectral  res¬ 
ponse  of  the  unit  peak  at  9000  angstroms  to  provide  an  optimum 
emitter-detector  match  with  the  gallium  arsenide  laser  diode. 

At  this  wave  1  eight  the  spectial  response  has  a  typical  value  of 
C.  5  microamps  per  microwatt.  An  integrated  circuit  video 
amplifier  is  used  to  amplify  the  signal  output  of  the  photo-diode 
ar.d  its  associated  bias  circuitry.  Following  the  video  amplifier 
is  a  gating  circuit,  pulse  integrating  network,  and  a  threshold 
ueti.cio).  .  The  gate  allows  iiie  amplified  video  signal  to  pass 
only  fo-  a  period  of  0.  3  microseconds  after  the  beginning  of 
the  transmitted  pulse.  Pulses  present  ai  the  video  amplifier 
output  during  this  time  ire  combined  in  the  integrating  network 
to  form  a  DC  voltage  with  an  amplitude  proportional  to  the  pulse 
amplitude.  The  threshold  detector  then  compares  this  voltage 
with  a  present  reference  and  produces  an  output  when  this  thresh¬ 
old  has  been  exceeded.  This  system  ignores  noise  occurring 
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during  the  interpulse  period  and  will  not  fire  on  single  high  amplit¬ 
ude  noise  spik.-s  coincident  with  the  gate  on  time. 

A  c  l i  va  t  i ng  S  y  s !  c  m 

The  Optical  Ground  Sensor  is  activated  by  mechanically  energiz¬ 
ed  battery.  A  force  of  20  to  40  pounds  is  required  to  break  a 
safety  wire  and  allow  activation  of  the  battery  by  lanyard  tension, 
The  sensor  is  turned  off  when  the  battery  is  dormant.  A  time 
delay  of  approximately  2  seconds  occurs  after  the  battery  has 
been  energized  before  the  transmitter  begins  emitting  light  pulses. 
During  this  time  delay,  current  from  the  battery  is  used  to 
charge  an  energy  storage  capacitor  in  the  rocket  initiation  circuitr 
At  the  end  of  the  2  second  delay,  the  capacitor  is  fully  civ  ^ed, 
the  transmitter  is  turned  on  and  the  sensor  becomes  operational. 

R oc ket  Initia tton  Signal 

The  output  signal  from  the  altimeter  will  be  sufficient  to  shuttle 
the  electrical  solenoid  valve  on  the  high  pressure  gas  supply 
bottle.  Redundant  signals  to  the  rocket  pack  are  produced  when 
the  optical  signal  return  occurs  which  exceeds  the  threshold  in 
the  receiver.  The  threshold  detector  ir.  the  receiver  triggers  Lhe 
switch  driver  circuitry  and  delivers  that  energy  stored  in  the 
capacitor  as  an  output  signal  to  the  rocket  through  20  GA  cables  to 
an  MS  connector  on  the  motor  initiator. 

Powc r  Supply 

The  Optical  Ground  Sensor  power  supply  consists  of  thermal 
battery  and  associated  cur.^nt  distribution  and  voltage  regulation 
circuitry.  These  batteries  feature  compact  size,  environmental 
resistance,  and  long  shelf  life. 

Physical  Design 

Overall  Configuration 

Each  electro- optical  subassembly  will  be  mounted  in  a  rectangular 
structure  and  will  be  installed  such  that  the  four  transmitting  units 


will  be  in  on<’  end  ol'  the  strut  lure  and  the  four  receiving  units  will 
be  in  the  opposite  end.  This  structure  will  be  about  24  inches  long, 
5  inches  wide  and  5  inches  high.  The  center  section  t  f  this 
structure  will  house  the  power  supply,  the  PRF  generator  and 
laser  diode  modulator  for  the  transmitter  lenses,  and  the  video 
amplifier  -  threshold  detector  circuits.  The  unit  will  be  completely 
Sealed  and  will  have  windows  protecting  the  transmitting  and 
receiving  lens  systems.  Routine  cleaning  of  these  windows  w'ill 
be  required.  The  unit  shall  weigh  approximately  10  pounds  in¬ 
cluding  the  battery. 

E n vi  r  mini cntal  a  nd  Pe  l  formanc c  Considerations 

Reference  is  directed  to  the  altitude  sensor  specification  -  SAEC 
Technical  Data  Document  No.  S68-421- 0005. 

Refe  rentes 


1.  A  Study  to  Select  Optimum  Altitude  Sensing  Devices; 

Sylvania  A58-4-5.  0-17  (Two  Volumes)  - 

F.  Wilkins,  Et.  A1  NASA  Contract  No.  NAS9-1098. 

2.  Advanced  Mars  Orbiter  and  Surveyor,  Communication  System 
and  Science  Payload;  NASA  N68-  34018 

3.  Parachute  Relrorocket  Air  Drop  System  (PRADS),  Full 
Scale  Test  Program:  U.  S.  A.  Prjecl  IM121401D195,  Stencel  Aero 
Coroor  at  ion 

4.  Parachute  Rctrorockct  Air  Drop  System  (PRADS),  Joint 
Flight  Test  Program  -  Optical  Radar  Ground  Sensor;  U.  S.  A. 
Project  1M121401D195,  Stenccl  Aero  Engineering  Cui  >c ration. 

5.  A  Proposal  for  A  High  Range  Resolution  Height  Sensing 
Radar;  A VCO  A VSSD  D755-  418-  A VCO  Spare  Systems  Div. 

6.  An  Acoustic  Release  Device  for  Parachute  Landing;  A.  D. 
Jones,  Inc.,  Electro- Optics  Div.  -  John  W.  Wood,  Jr. 
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7.  A  Proposal  For  a  Ps  eudo- Random  Norse  Coded  Radar 
Altitude  Senior ;  Maf.navox  Company 

8.  Development  Program  For  Optical  Ground  Sensor;  Motor¬ 
ola  Proposal  No.  6528-178 

4.  7  PRAPS  Safety  Consideration 

Extensive  efforts  have  been  required  to  prevent  unprogrammed 
rocket  initiation  for  the  PRADS  test  motors.  This  safety 
engineering  has  been  even  more  concentrated  on  the  design  of 
prototype  hardware.  Significant  advances  in  electroexplosive 
devices  now  allow  their  applicatioi  lo  the  rugged  requirements 
for  safe  rocket  ignition.  Proper  protection  of  the  electric 
solenoid  valve  will  assure  safe  handling  over  the  wide  range  of 
field  conditions  possible.  Shielded  electric  cables  are  commer¬ 
cially  available  which  resist  stray  electromagnetic  radiation  and 
the  entire  firing  circuit  can  be  fully  protected  from  radio  fre¬ 
quency  stimuli.*  These  methods  are  incorporated  into  the 
prototype  system  along  with  full  protection  from  electrostatic 
discharges  under  both  storage  and  airdrop  conditions. 

The  use  of  a  mechanical  safety  is  an  added  precaution  to  preclude 
any  action  by  the  gas  supply  system  until  the  forceful  removal 
of  the  pin  from  its  safe  position.  This  pin  removal  is  such  that 
it  requires  conscious  manual  effort  on  the  high  energy  levels 
created  as  the  parachute  cluster  dectlerative  forces  deploy  the 
rocket  pack  to  its  operational  position  in  the  airdrop  configura¬ 
tion.  This  safety  is  removed  at  one  specific  event  time,  the  full 
deployment  of  the  rocket  pack,  and  is  controlled  by  tensioning 
a  flexible  lanyard  connected  between  the  rocket  pack  and  the  drop¬ 
load.  A  force  of  approximately  70  pounds  is  required  to  pull 
the  safety  pin. 


^Proceedings  of  the  Fifth  Symposium  on  Elcctroexplosive  Devices 
The  Franklin  Ins  litute,  Phila.  ,  Pa.,  pp  2-8.1-  2-9.8. 
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An  electronic  tnmiii:  nrniii  is.  .  v. or po rat cd  into  the  altitude  sen- 
1  or  which  prevents  arming  of  the  unit  until  four  fill  seconds 
after  a  flexible  lanyard  attached  between  the  parachute  bags  and 
the  altimeter  is  tensioned.  This  delay  allows  approximately 
350  foot  separation  between  the  rocket  pack  and  the  cargo  delivery 
plane  before  the  full  rocket  initiation  system  is  armed  and  cap¬ 
able  of  liring  the  motors.  When  the  arming  pin  is  pull  d  with  a 
force  of  approximately  70  pounds,  a  resistor  limits  the  current 
to  the  cundensor  required  to  operate  the  solenoid  valv<  .  See 
Figure  4.  21  for  details  of  the  safety  lanyard,  arming  lanyard 
and  pins. 

The  rocket  motor  initiators  are  designed  to  completely  pre¬ 
clude  ignition  under  any  handling  conditions  and  rigging  opera¬ 
tions.  Abuse  to  any  degree  which  leaves  the  motor  physically 
intact  will  not  result  in  rocket  ignition.  These  conditions  are 
to  be  tested  in  the  motor  qualification  program. 

As  called  out  in  the  altime.ter  specification,  the  rocket  ignition 
signal  cannot  be  generated  by  weather  conditions  such  as  fog 
or  snow  and  cannot  bo  picked  up  from  other  objects  in  the  air¬ 
drop  scenario  such  as  nearby  airdrop  loads  of  a  similar  config¬ 
uration.  The  ignition  signal  can  therefore  be  generated  only  as 
the  unit  passes  from  some  higher  altitude  down  through  the  firing 
gate  of  23  feet  above  some  very  large  reflective  surface. 

With  these  considerations  currently  incorporated  into  ti  c  pro¬ 
totype  system,  a  high  operational  safety  is  assured. 

5.  0  HUMAN  FACTORS  ENGINEERING  STUDY 

5.  1  Introduction 

To  assure  maximum  effectiveness  of  the,  man- system  combina¬ 
tion  in  the  operational  environment.,  (and  because  the  human 
activity  is  an  extremely  important  pari  of  overall  performance), 
human  factors  engineering  (H1;E)  is  required  on  the  proposed 
PKADS  :>yslem. 
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5 .  2  Obi  ect  i  vc£> 


The  objectives  of  this  studv  are  (l)  !o  investigate  the  operational 
utilization  and  maintenance  requirements  of  I  lie  proposed  oplinnz- 
ed  system  lor  compatibility  with  the  human  limitations  existing 
at  the  operational  level  and  (2)  to  examine  how  system  reliability 
is  affected  by  the  operational  end  requirements  of  the  FRriDS 
design.  The  most  important  result  of  tins  study  is  that  the  sys¬ 
tem  design  should  p  >ssess  features  of  IiFE,  thereby  simplify¬ 
ing  or  lessening  the  requirements  imposed  on  men.  Because  of 
tlie  nature  of  the  system  and  the  human  facl"rs  involved,  it  is 
imperative  that  IIFE  principles,  procedures,  and  criteria,  as 
applicable  in  this  case,  be  applied  during  all  phases  of  equipment 
design.  This  will  assure  tlvt  operational  and  maintenance  tasks 
and  skill  requirements  are  achievable  within  the  framework  of 
the  existing  organization  or  with  reasonable  difference  in  train¬ 
ing  and  other  supplements. 

5 .  3  Applicable  Documents 

To  meet  requirements  for  a  system  embodying  design  and  opera¬ 
tional  features  that  stem  from  human  factors  engineering,  HEL 
Standard  S-4-65  "Human  Factors  Engineering  Requirements 
for  the  Development  of  U,  S.  Army  Material"  is  the  guideline 
for  activity  in  this  area.  Other  documents  listed  in  the  reference 
also  provide  applicable  information  concerning  HFE. 

5.  4  Pis cus s  i on 

5.4.  1  Assignment  of  Functions 

Examination  of  the  PRADS  program  reveals  that  characteristics 
lequircd  for  the  system  and  for  the  HFE  study  itself,  are: 

(1)  low  cost,  (2)  simplicity,  (3)  similarity  to  other  systems 
(in-service),  (4)  primary  application  to  combat  environments, 

(5)  design  expediency  (minor  degree)  and  (6)  high  reliability. 

Other  considerations  which  determine  the  extent  of  IIFE  study 
and  design  ellort  are:  (I)  non-man  rated  system,  (2)  significant 
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mission  c  umpKxity  and  (3)  use  by  Army  I'M. 

Hy  comparison,  the-  PR  A 1X5  can  be  said  lo  require  certain  human 
ciipmrnng  and  sr  n  lceubi  I  Hy  functions  during  system  develop¬ 
ment.  Under  the-  Engineering  Design  Phase,  pre-design  and 
early  design  activities  would  include"  (!)  the  review  of  system 
requirements  and  analysis  of  mission,  (i.-icds  less  attention  to 
11FE  considerations  as  a  part  of  other  eng. nee  ring  effort), 

(2)  preparation  of  serviceability  and  maintainability  analysis, 
(needs  active  formal  participation  of  HFE,  tins  activity  contin¬ 
ues  and  is  refined  ovt  r  the.  duration  of  the  program)  and  (3) 
assistance'  til  determining  tradt'-offs  involving  human  perform¬ 
ance  and  serviceability  as  well  as  participation  in  preliminary 
design  reviews  (needs  less  attention  to  HFE  considerations  as 
a  part  of  other  engineering  effort  and  this  activity  continues  and 
is  refined  over  the  duration  of  the  program).  Under  the  Hard¬ 
ware  Development  and  Operations  Phase,  development  and  pro¬ 
totype  test  activities  would  include:  (1)  monitoring  the  incorpora¬ 
tion  of  HFE  and  serviceability  criteria,  (needs  less  attention  to 
HFE  considerations  as  a  part  of  other  engineering  effort),  (2) 
assisting  in  the  development  of  operational  and  maintenance  pro¬ 
cedures,  (needs  active  formal  participation  of  HFE),  (3)  participa¬ 
tion  in  mock-up  and  training  procedures,  (needs  active  formal 
participation  of  HFE),  (4)  participation  in  pro- release  design 
reviews,  (needs  less  attention  to  1IFE  considerations  as  a  part 
of  other  engineering  effort),  and  (5)  investigation  and  analysis 
of  human  error  sources  (needs  less  attention  to  IIFE  considera¬ 
tions  as  a  part  of  other  engineering  effort). 

Probable  sources  of  performance  degradation  are  human  errors 
made  during  rigging.  Not  only  is  this  the  last  effective  catch 
for  faulty  components,  but  improperly  installed  or  utilized 
material  will  predetermine  the  fate  of  the  airdrop.  For  this 
reason,  the  key  to  successful  operations,  high  operational 
reliability  and  combat  effectiveness  lies  with  system  design 
simplification  and  considerations  of  human  performance  charac¬ 
teristics,  both  at  the  operational  level  where  approaches  are  too 
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often  idealistic  and  not  well  coordinated  with  practical  limitations. 


Fig.  5.1  shews  the  relationship  of  HFE  to  other  general  study 
functions.  It  is  important  to  note  that  HFE  is  a  primary  function, 
and  activity  in  this  area  has  a  direct  effect  on  other  functions. 

5.  4.  2  Mission  Analysis 

The  PR  ADS  system  is  unique  in  that  all  of  the  basic  functions 
and  events  that  iL  performs  are  fast  operating  and  irreversible, 
the  success  of  which  depend  wholly  upon  system  design  end  prepara¬ 
tion  prior  to  initiation  of  the  functional  sequence.  The  sequence 
of  basic  functions  and  events  during  system  life  includes:  (1) 
system  feasibility  study,  (2)  system  in-depth  exploratory  develop¬ 
ment,  (3)  system  development  and  qualification  program,  (4) 
production  program,  (5)  training  program,  (6)  rigging  and  handl¬ 
ing,  (7)  airdrop  mission,  (8)  do- rigging  and  handling  .  nd  (9) 
maintenance. 

5.  4.  2.  1  Soqucncial  Resolution 

The  system  feasibility  study  involves  (1)  definition  of  limitations 
accomplished,  (2)  system  configuration  concept  developed,  (3) 
performance  goals  defined  and  (4)  limited  verification  testing 
accomplished. 

System  exploratory  development  entails  (1)  performance  goals 
achieved  analytically  and  (2)  design  requirements  defined.  Under 
(3)  detailed  functional  and  operational  analyses  come  (a)  per¬ 
formance,  reliability  and  sensitivity  analysis,  (b)  economic 
study,  (c;  human  factors  engineering  study,  (d)  rigging  sludy, 

(e)  maintainability  study,  (f)  manpower  analysis,  (g)  training 
requirements  study,  (h)  aircraft  and  operational  utilization  study, 

(i)  safety  analysis  and  (j)  logistics  study.  Remaining  activities 
include:  (4)  reoptimization  and  redesign  and  verification  test 
program,  which  involve  (a)  design  adequacy,  (b)  safety  feature 
effectiveness  defined,  (c)  performance  characteristics  and 
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reliability,  (d)  possible  operating  problems  defined,  (e)  h  rdwavc 
i nip ro vemenl  or  redesign  and  data  acquisition;  including  service 
life,  sensitivity'  and  maintainability.  Final  item  would  be  (6) 
prototy’pc  design  drawings. 

The  System  Development  Program  involves  (1)  program  manage¬ 
ment,  (2)  design  coordination  and  engineering  effort,  (3)  procure¬ 
ment  of  R,  D,  T,  k  E  test  hardware,  (4)  vendor  coordination, 

(5)  testing  and  evaluation  program,  including  (a)  preliminary 
flight  rating  tests,  ( b >  flight  safety  testing,  (c)  engineering  de¬ 
sign  testing,  (d)  service  testing,  and  (e)  system  tuning,  as  well 
as  the  (i  preparation  of  documentation  (I'M  Drafts  &.  DOM's 
prepared,  (7)  training  program,  including  (a)  training  curriculum 
development,  (b)  initial  retraining  and  formal  training,  (c) 
facilities,  (d)  equipment  and  (e)  aids,  (8)  logistics  program, 
including  (a)  maintenance,  facilities,  equipment  and  tools,  (b) 
support  system,  facilities  and  identification  and  traceability. 

Under  the  Production  Program  Implemented  fall  (l)  Value 
Analysis  and  (2)  Quality  Control,  followed  by  the  Training  Pro¬ 
gram  Implemented  and  Rigging  and  Handl  ing  with  human  factors 
effects.  Airdrop  Mission  involves  loading  the  aircraft,  (securing 
the  load  and  extraction  chutes)  and  operational  sequence.  Table  5.  i 
below  illustrates;  the  events  which  occur  during  an  airdrop. 

Pinally  under  Mission  Analysis  comes  de-  rigging  and  handling 
covering  the  discovery  of  (1)  field  handling  problems,  and  the 
definition  of  damage  sources  and  transportation  problems. 
Concluding  this  analysis  is  maintenance,  including  (1)  parachute 
packing,  (2)  system  refurbishment  and  (3)  Quality  Control. 

NOTE:  An  approximate  time  line  analysis  is  provided  above 
for  the  mission  operational  sequence  only.  Load  rigging  and 
parachute  packing  Lime  line  analyses  are  presented  as  a  part 
of  the  cost  analyses. 

5.  4.  2.  2  Operational  Sequence  of  Events 

TIME  (SECONDS)  EVEN!' 

0  Aircraft  arrives  at  CARP  and  crew 

reacts,  extraction  parachute 
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2.  ^ 
3.  0 


4.  7 
4.  8 

4.  9 

5.  2 
5.  3 


5.  8 

6.  4 

6 .  5 

6.  8-8.  8 
10.  6 
10.  7 
10.  Si¬ 
ll.  2 
it.  3  5 
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rck'dsi;  operated. 

Extraction  parachute  pack  in  air- 

c*  (  i-  #■*•*»  ii’i  t>  a  /—l.-  c;  t  ■a  i*  1  >-■  (  <  >  rui.-i  t' 

a  i  i  v  u  i  i  i  ^  ^  j  c_j  i  ■  o  *-  u  l  c  o  ^  p  c.  *  *  # 

Extraction  parachute  applies  force 
to  rail  latch  release  system, 
Extraction  parachute  fully  inflated. 
First  load  motion,  approximately 
1/2  G  horizontal  deceleration 
(Max  load  extraction  force  1  to 
1  1/2G). 

Load  clears  ramp. 

Extraction  Force  Transfer  Device 
func  t i  ons  . 

Extraction  parachute  starts  to 
deploy  main  cluster  parachutes. 
Deployment  bags  stripped  off  can- 
op  i  e  s . 

Rocket  pack  moves  off,  pad  and 
gas  valve  safety  is  pulled  and 
altitude  sensor  is  activated  through 
a  four  second  time  delay  circuit. 
Front  suspension  slings  come  taut 
applying  nose  up  itching  movement. 
Rear  suspension  slings  become 
taut . 

Maximum  parachute  deceleration 
applies  approximately  3.  5  G. 
Cluster  canopies  fully  inflated. 
Altimeter  senses  ground, 
p  m  c  v  c  t  m  o  t  o  r  i  £  n.  1 1  i  q  n . 

Rocket  impulse,  approximately 
3  G  resultant  deceleration. 

Rocket  burnout. 

Load  impact,  (Max.  vertical  im¬ 
pact  force  applied  -  approximati  l.y 
14G). 

Paper  honeycomb  shock  absorbers 
fully  stroked. 
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Horizontal  motion  of  load  stopped. 
IG  ground  rea  ction. 
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5.  4.  3  Functions  Analysis 

Because  the  FRA  1)5  system  shares  with  man  a  broad  interface 
area  where  failure  due  to  human  error  can  be  programmed  into 
the  system  for  later  manifestation  during  automatic  phases  of 
operation,  a  conventional  function  analysis  is  not  applicable. 

The  following  remarks,  though,  are  applicable  to  the  critical 
interface  during  rigging. 

For  Lhe  purpose  of  this  category,  the  essential  features  of  the 
PRaBS  configuration  as  it  will  exist  in  use  must  be  described: 

(1)  one  size  rocket  pack,  (2)  one  rocket  pack  for  any  load,  (3) 
modular  rocket  pack,  (4)  combinations  of  from  two  to  twelve 
rockets,  (5)  one  parachute  size,  (6)  combinations  of  from  one  to 
six  parachutes,  (7)  no  parachute  reefing  required,  (8)  laser 
absolute  altimeter  and  (9)  electro- pneumatic  rocket  ignition  sys¬ 
tem. 

When  compared  with  previous  GPAD  Ground  Proximity  Airdrop, 
greater  simplification  is  evident;  and  when  compared  with  an  all 
parachute  system  the  difference  lies  principally  with  the  use 
of  rockets  and  laser  altimeter. 

An  examination  of  the  existing  organization  of  manpower  at  the 
interface  of  the  airdrop  svstem  and  man  shows  that  even  if  train 
ing  programs  and  skill  levels  are  adequate,  there  may  be  a 
breakdown  in  workmanship  and  quality  control  simply  because 
of  the.  forgetfulness  of  the  relationship  of  detail  requirements  to 
total  system  performance.  There  is  a  current  need  for  cognis¬ 
ance  of  the  effects  of  human  error  on  system  performance  at 
the  rigging  function  level. 


it  must  lit-  rhoj;  lzed  that  airdrop  is  a  sophisticated  mode  oi 
deployment  ol  force,  and  as  such,  is  due  us  much  respect  as  the 
deployment  of  supplies  and  equipment  \  la  other  means  ol  trans¬ 
portation  Losses  due  to  mistakes  can  be  as  high  as  those  en¬ 
countered  m  combat  before  the  loads  even  see  actual  combat 
baza  rds . 

There  appears  to  be  no  need  to  rearrange  organization,  and  the 
general  manpower  (MOST  c  la  s  s  if  ie  a  t  ion  of  rigger  and  detail 
man)  will  be  adequate,  but  training  in  new  areas  and  a  more 
specific  job  description  and  responsibility  will  be  necessary  for 
the  PR  ADS,  also  definite  benefit  will  be  derived  from  a  positional 
and  functional  assignment  or  a  rigging  line  or  load. 

Combinations  of  men  must  now  be  employed  in  a  '  Buddy  System" 
mode  for  the  purpose  of  improving  human  factors  effects  on 
rel  iability. 


The  alternative  to  specialization  would  be  to  build  proficiency 
of  any  function  into  ail  men,  this  is  a  recognized  asset  (out  of 
necessity  anybody  might  have  to  do  anything  under  certain  con¬ 
ditions).  But  until,  that  level  of  proficiency  is  attained  by  per¬ 
sonnel  who  might  conceivably  be  required  to  rig  an  airdrop  load, 
the  recommendation  th_t  well  trained  and  experienced  riggers  do 
the  work  should  be  adhered  to.  It  is  also  recommended  that  when 
detail  men  must  be  utilized,  that  they  be  much  more  closely 
supervised  and  checked  than  present  information  suggests. 

Using  what  w  e  know  about  the  tigging  function  as  a  point  of  depart¬ 
ure,  we  can  observe  that,  except  for  unforseen  mechanical  fail¬ 
ures,  most  inadvertent  airdrop  failures  are  due  to  human  error. 
Presumably  any  system  must  possess  adequate  capability  includ¬ 
ing  performance,  strength,  insensitivity,  etc.,  to  be  of  any 
value  so  for  the  sake  of  argument,  we  shall  accept  workability  as 
a  fact.  That  leaves  us  wtih  human  factors  and  those  characteris¬ 
tics  about  a  system  which  affect  human  performance. 
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Hardware,  then  is  the  first  place  to  took  for  the  souice  of  error. 
Scrutiny  of  tin-  PH  ADS  system  shows  that  considerable  work  had 
to  be  done  to  alleviate  physical  complexity  and  complicated 
operational  sequences  before  it  was  feasible  to  examine  human 
factors  effects.  As  a  result  of  a  design  simplification  effort, 
the  hardware  became  less  sensitive  to  variations  inhuman 
functional  performance. 

Definite  progress  has  been  made  since  it  previously  appeared 
that  the  present  human  functions  skill  levels  could  noi  reliably 
cope  with  the  system  i  equi  rements .  It  may  be  said  that  at  this 
time,  although  the  general  rigging  function  is  still  the  most 
critical,  that  because  of  design  simplification  efforts,  the 
optimized  hardware  should  not  require  additional  operational 
manpower  functional  capability  beyond  the  scope  of  present  tech¬ 
nological  ability  at  the  organizational  level. 

5.  4.  4  Task  A na lys i s 

Because  it  is  not  practical  or  useful  to  describe  every  small 
motion  involved  in  a  procedure,  and  because  the  resolution  re¬ 
quired  for  analysis  is  really  the  accomplishment  of  elemental 
configuration,  the  rigging  task  analysis  will  not  be  a  detaiLed 
time  and  motion  study  estimate  but  will  be  more  concerned  with 
the  ability  of  organizational  personnel  to  dependably  complete 
discrete  steps. 

Previous  studies  (Ref.  II  &  12)  have  considered  airdrop  rigging 
and  parachute  packing  tasks  in  detail,  and  attention  is  directed 
to  them  for  rigging  and  packing  details. 

The  most  desirable  situation  would  be  one  where  there  is  a  net 
reduction  of  requirements:  individual  functions,  tasks,  number 
of  personnel,  skill  level,  etc.  ;  in  the  case  of  the  PRADS,  every 
effort  is  being  made  to  realize  simplicity,  but  there  are  new  or 
different  requirements  and  these  differences  are  what  we  are 
most  interested  in.  Using  the  existing  scheme  as  a  point  of  de¬ 
parture,  significant  elimination,  addition,  or  changes  in  task 
will  be  discussed. 
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5.  4.  5 


Maintainability  A  na  I  y  s  j_s 

5.4.  5.  I  Parachute  System  iMamlcnano',  Handling  and  Packing 

The  obvious  improvements  have  to  do  w.th  the  reduction  m  size 
when  compared  with  an  all-  parachute  system.  The  optimized 
PRADS  parachute  has  a  forty-eight  (48)  ft.  nominal  diameter 
(seventy-two  gores  and  suspension  lines),  weighs  lets,  (total 
weight  with  bag  is  about  ninety-five  (45)  pounds),  is  easier  to 
pack,  (does  not  require  fans,  long  lofting  space  or  lifting  aids) 
is  more  rugged  and  damage  resistant  because  of  the  requirement 
fo;  additional  strength  due  to  the  increased  loading  while  per¬ 
forming,  so  maintenance  is  reduced;  and,  the  parachutes  do  not 
require  any  reefing  at  all,  which  means  only  one  parachute  con¬ 
figuration  to  be  concerned  with. 

The  logistic,  maintenance,  and  handling  requirements,  while 
similar  to  that  now'  existing,  are  drastically  simplified  and 
facilitated  by  the  PRADS  parachute  concept. 

Reference  is  directed  to  the  following  documents  which  would  be 
emulated  for  the  PRADS  parachute: 

TB  U  505  -1/TO  13C5-7-3  Parachutes:  Packing 
and  Maintenance  of  Parachutes,  Cargo 

TM  10- 16 70- 222- 2 3P  Organizational  and  Field 
Maintenance  Repair  Parts  and  Special 
Tool  Lists 


The  rockets  themselves  will  not  be  subject  to  periodic  main¬ 
tenance,  except  for  reloading  and  refurbishment  which  will  be 
accomplished  by  the  original  equipment  manufacturer  or  an 
arsenal.  Spenl  rockets  will  require  some  care  in  handling 
during  retrieval,  storage,  packing  and  shipping. 

Reference  is  directed  to  the  preliminary  model  specification 
for  characteristics  which  preclude  ordinary  preventive  main- 


tcnanvv  a  rid  ouiliiii  s  tin'  jjiupi  riii's  iii'ccs  sa  ry  for  satisfactory  per- 
for  inane  e . 

5.  4.  5.  2  Rocket  Pack  Maintenance,  Handling  and  Assembl" 

The  modular  rocket  pack  concept  complies  In  mosl  ways  with 
definable  human  factors  considerations  since  (1)  it  is  nut  com¬ 
plex  (minimum  number  of  different  parts),  (2)  it  is  uncomplicated 
(minimum  number  of  total  parts),  (3)  it  is  "Murphy- proof" 
(unilateral- self  checking  assembly),  (4)  it  is  rugged  (all  steel 
minimum- maintenance,  the  heaviest  individual  part  is  the  core, 
at  about  two  hundred  fifty  ( Z 5 0 ;  pounds),  (5)  assembly  operations 
and  time  are  minimized,  and  (6)  no  special  tools  are  required 
for  rocke  puck/segment /rocket  assembly. 

This  structure  will  be  composed  of  components  which  by  virtue 
of  their  strength,  material,  and  method  of  manufacture,  will 
require  only  cleaning  and  inspection  for  possible  damage  and 
electrical  actuation  of  the  solenoid  valve  as  a  functional  check 
after  use. 


5.  4.  5.  3  Platform  Rigging  and  Suspension  System 

These  groups  will  remain  essentially  unchanged  and  therefore 
would  require  maintenance  according  to  existing  procedures: 

TM  10-500/TO  13C7-1-5  Airdrop  of  Supplies  a nd 

Equipment,  General  (and  auxiliary  Ref.  documents.  ) 

Except  for  the  rocket  pack,  smaller  parachutes,  and  the  altimetry 
system,  the  physical  configuration  of  any  rigged  load  is  essen¬ 
tially  unchanged. 


Depending  on  the  outcome  of  further  development  and  testing, 
there  may  be  some  changes  of  material  foi  the  bridle  support 
subsystem,  load  covering  tarps  ana  other  webbing  materials, 
i.  e.  it  may'  be  desirable  to  use  3"  wide  webbing. 
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Tin-  rui  k<  i  pack  will  be  located  nozzles  forward  on  top  of  loads 
which  permit  it,  and  standing  up  with  nozzles  down,  behind  loads 
whnli  are  already  h  h. 

Cardboard  honeycomb  will  be  used  to  build  a  form  fitted  liitcr- 
fat  e  between  rockcL  pack  and  irregularities  on  a  load,  and  the 
simple  expedient  of  cut  -  arid-break  away  cords,  tapes,  and  webs 
w.M  be  utilized  to  lash  the  rocket  pack  through  the  honeycomb  to 
the  load.  In  some  cases,  honeycomb  will  be  used  instead  of  ply¬ 
wood  ior  the  construction  of  small  platforms  or  decks  as  they 
may  be  required. 

Parachutes,  being  smaller  than  the  G-ll  s  or  G-lZ's  now  used, 
will  be  more  readily  positioned  near  the  rocket  pack  and  because 
of  their  flexibility,  can  be  lashed  in  place,  as  above,  with  a 
minimum  of  transitioning  materials. 

The  attitude  sensor  system  will  be  attached  to  the  end  of  the  plat¬ 
form  in  a  position  which  precludes  interference  with  the  aircraft 
sysl<  m  and  other  platforms  and  will  include  features  which 
attenuate  drop  damage. 

Provisions  for  mounting  of  the  altitude  sensor  system  will  main¬ 
tain  interchangeability  of  platform  sections  and  will  apply  to 
any  platform.  See  Figure  5.  Z  for  sensor  mounting  details. 

There  will  be  a  requirement  for  additional  honeycomb  on  top 
of  all  loads  to  minimize  damage  by  the  rocket  pack  to  itself 
or  to  the  load,  but  the  effect  on  personnel  is  only  one  ol 
additional  time  and  materials  required. 

Attention  to  the  above  is  required  at  this  point,  and  frangible 
accessories  will  have  to  be  adequately  protected:  this  step  will 
remain  essentially  unchanged  without  any  critical  increase  in 
precision  or  vigilance  required. 

Lashing  remains  unchanged  except  for  rocket  pack  restraint. 


A  Halt  hn  uni  of  parachutes,  tucket  pack,  extraction  syslcr.i  and 
rcslramt  system,  and  installation  of  altitude  sensor  is  the  most 
complicated  and  critical  phase,  manuals  would  be  picpared  to 
t  Idborate  on  the  cfforL,  but  we  may  at  this  time,  with  benefit 
ot  having  actually  rigged  out  a  PR  ADS  load,  thin’-  about  present 
characteristics  and  point  out  things  as  required  so  that  organiza¬ 
tion  troops  will  not  have  to  wrestle  with  serious  problems.  It 
may.  therefore,  eventually  be  said  that  rigging  the  PRADS  is 
no  major  piobtem. 

Here  again,  system  simplification  is  really  the  answer;  the 
smaller  parachutes  have  helped  tremendously,  the  modular  roc¬ 
ket  pack  will  be  very  efficiently  utilized,  and  positioning  of  the 
various  components  will  be  straight  forward.  There  will  be 
a  different":!  in  configuration  but  as  it  is  seen  now,  organizations 
will  have  no  problems  with  the  new  tasks. 


Closer  super  vis  ion  at  this  stage  is  imperative.  However,  be¬ 
cause  adherance  to  manuals  is  essential  for  engineering  reasons 
i.  e.  ,  lanyard  lengths,  safetymg  procedures,  signal  line  lengths, 
stowage  to  avoid  handups,  whipping,  and  breakage,  etc.  ,  that 
will  not  be  obvious  to  detail  men.  It  will  be  necessary  at  this 
stage  to  perform  one  task  at  a  time  with  supervision  and  inspec¬ 
tion  and  then  for  someone  to  evaluate  the  consequence  cf  the 
task  to  determine  whether,  in  operation,  the  sequence  of  events 
would  result  in  breakage  of  important  components,  particularly 
the  signal  lines.  Th  s  is  really  an  exercise  in  observation  and, 
it  is  granted  at  this  time  at  least,  that  a  certain  amount  of 
intuition  will  be  required  and  that  sensible,  concientious 
individuals  must  be  assigned  to  those  tasks. 

5.  4.  5.  4  Maintenance,  Testing,  Handling  and  Assembly  of 


to  perform  the  function  of  absolute  altitude  sensing.  Aside  from 
the  problems  associated  with  the  dynamics  of  the  double  flexible 
probe  system,  such,  as  vertical  error  caused  by  swinging,  or  low 
reliability,  the  mechanisms  were  complex  and  complicated,  and 
maintenance  and  refurbishment  fai  tors  appeared  high. 

Radar  and  laser  altimeter  systems  were  then  investigated  and 
because  of  cost/pe  rforniance  trade-offs,  the  laser  system  is 
adopted  as  the  subsystem  for  the  optimized  system. 

The  laser  altimeter  meets  the  criteria  of  (1)  applicability,  (2) 
high  reliability,  (1)  availability  and  (4)  low  cost  for  general  part 
selection  considerations,  therefore,  system  development  is  at  a 
point  where  meaningful  analysis  can  be  performed. 

The  essential  operations  to  be  performed  on  the  altimeter  sub¬ 
system  are  as  follows: 

(a)  Testing:  Prior  to  each  rigging  installation,  the  transmitter/ 
receiver  unit  must  be  physically  checked  for  general  condition, 
battery  condition  and  calibration.  This  necessitates  the  arrange¬ 
ment  of  a  short  range  on  the  top  of  packing  tables  or  suitable 
bench,  pointing  the  unit  target  from  the  correct  distance,  and 

testing  the  unit  by  activa.  ;,A  a  calibration  switch. 

Prior  to  this,  the  batteries  are  cheeked  with  suitable  equipment. 
Regardless  of  condition,  batteries  will  probably  be  replaced  every 
six  months.  Battery  life  under  average  conditions  is  expected 
to  be  nine  months,  but  because  of  failure  distribution  and 
environmental  conditions,  the  value  musi  be  adjusted  tc  insure 
reliability. 

Batteries  will  be  marKed  with  the  check  date  and  the  replacement 
date,  and  checking  will  probably  be  performed  monthly,  and 
always  just  prior  to  use,  and  will  be  stored  separately. 

The  laser  unit  will  be  tested  before  and  after  use.  Ordinary 
carbon  -  zinc  batteries  will  be  used  except  in  climates  which  arc 
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ordinal  i!v  in  iov.  '>  1-  where  thermal  bulimics  or  battery  lndlri't 
must  be  used. 

lb)  Mtnnlui  Jict;  Although  the  type  ol  battery  proposed  for  use 
Can  sharped  to  a  linnlol  extent,  it  must,  be  accomplished  on 
a  careful  i  u  m:nul  a  t ve  tune  basis,-  and  because  of  the  equipment 
required,  cost,  lime  and  manpower  considerations,  and  limited 
return,  charging  is  nut  contemplated  at  tins  time. 

n  tln>  c\ent  that  the  laser  transnntter/receiver  unit  is  tagged  for 
repair  because  it.  is  inoperable  or  out  of  calibration,  the  detailed 
procedure  for  checking  and  catibrrtion  must  be  observed  At 
this  time  it  is  not  possible  to  define  the  exact  procedure,  but 
some  of  the  aspects  of  the  process  are:  (1)  check  for  presence  of 
beam,  (Z)  check  for  dirty  or  broken  tenses  or  windows,  (3) 
check  for  faulty  laser  cell,  t4)  check  for  faulty  sensor  cell,  (5) 
replace  cells  as  required,  (6/  clean  or  replace  lens  housings  as 
required,  (7)  repeat  (1),  (8)  perform  functional  calibiation  check 
and  (9)  calibrate  as  tequired  (tiicchan,ical  adjustments). 

If  the  outlined  procedure  fails  in  some  way,  the  unit  will  probably 
have  an  elementary  failure  in  which  case  a  circuit  check  will  be 
required.  As  far  as  maintainability  is  concerned  however,  all 
of  the  critical  elements  are  easily  replaceable,  and  because  of 
the  logistic  trade-offs  concerning  the  remainder  of  the  individual 
circuit  elements  in  the  unit  in  the  case  of  an  elementary  circuit 
failure,  return  of  the  defective  module  to  the  manufacturer  for 
repair  is  recommended.  The  expected  service  life  is  high  and 
tins  also  tends  to  corroborate  the  above. 

Signal  Lines:  When  checked  alone,  an  audible  continuity  check 
will  be  performed  while  hand  flexing  of  the  cable  is  acc oropl  ished , 
Tins  procedure  minimizes  the  possibility  of  not  discovering 
intermittent  opens  or  shorts. 

(c)  Handling  and  Assembly:  All  of  the  subsystems  components 
are  rugged  enough  to  withstand  extraordinary  handling,  and  there 
are  provisions  to  check  the  subsystem  installation.  Concealed, 
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illuminated,  push  iu-icsi  buttons  arc  provided  for  output  circuit 
continuity  tests,  and  the  system  may  even  bo  fund iona  1  ly  tested 
safely  with  the  rockets  in  place.  The  gas  bottle  is  then  charged, 
and  the  l  rails  mi  tie  r  /  receive  r  clamped  in  place.  Mechanical  and 
electrical  interlocks  are  provided  for  safety  and  sequencing. 

These  features  are  desirable  because  the  highest  probability  of 
failure  is  due  to  rigging  errors  rather  than  mechanica’  or  elec¬ 
trical  deficiencies. 

5.  4.  6  Time  Line  Analysis 

As  part  of  the  cost  analysis,  rigging  factors,  refurbishing  fac¬ 
tors,  and  narachule  work  estimates  were  prepared  which  gener¬ 
ally  show  that  total  man-hours  are  reduced  for  a  PRADS  load. 

Thd  is  meaningful  only  in  the  sense  that  preparation  time  is 
reduced,  and  primarily  because  the  paraenutes  are  smaller. 
Actually,  phys;cal  complexity  is  increased  in  those  areas  where 
there  is  no  experience  and  considerably  greater  care  must  be 
exercised  where  human  functions  arc  performed. 

It  is  not  practical  to  subject  this  systo  n's  human  functions  to  a 
detailed  time  line  analysis  because  confidence  in  the  results  would 
be  lacking,  and  it  would  serve  no  purpose  because  the  hardware 
is  not  developed  in  the  final  configuration;  also  no  time  and  motion 
studies  have  been  petiormed. 

5.  4.  7  Link  A  nalys  is 

To  determine  the  importance,  frequency,  and  adequacy  of  links, 
we  must  presume  the  existence  of  the  hardware  as  it  is  conceiv¬ 
ed  now,  in  order  that  deficiencies,  if  found,  can  be  rectified  be¬ 
fore  hardware  gets  off  the  board.  This  may  effectively  be  accom¬ 
plished  by  listing  and  consideration  of  critical  link  interface  as 
they  occur  chronologically : 


OPERA  T  iON 


iMPOR  TANGE 


ER  E'QU  ENCV 


A  DEQuACY 


I 


Handling 

Tvs  Eng 

Ca  1  ibrat  ion 
Rigging 
He  R  iggmg 
Mj  i lit v mm,  v 


Modi'  rate 
Maj  o  r 
Major 
Primary 
Mi  no  r 
b  ec ondu r y 


8  Tinu's/yr 
8  Times  /yr 
2  Tima s  /yr 
4  T urn's  /y  r 
4  Times  /yr 
2  Times /yr 


Good 

Excellent 

Good 

Good 

Good 

Good 


interpretation  of  the  above  is  that  rigging,  testing,  and  calibration, 
in  that  order,  are  the  critical  areas;  of  these,  testing  involves 
the  simplest  and  most  fool-proof  procedures.  Calibration  of  the 
altimeter  is  important  because  it  involves  the  setting  of  a  funda¬ 
mental  system  function  and  certification  of  operational  readiness. 

Riggmg  is  the  last  ordered  catch  for  fauky  equipment  or  human 
errors,  and  is,  therefore,  the  most  critical  link  interface.  Inter¬ 
personnel  links  during  rigging  can  best  be  utilized  by  the  mutual 
checking  of  performed  operations,  and  the  operational  assurance 
of  the  ground  sensing  subsystems  is  linked  to  human  effort  via 
built  m  visual  or  audible  testing  circuitry. 

Once  a  succcsslul  rigged  configuration  is  established,  every  effort 
must  be  maintained  to  duplicate  this  I‘e  pt:a  tab!  y*  a  tiu  comprehensive 

TM/TO's  vv ill  provide  the  basis. 

5.4  8  HFE  Analysis  of  Environmental  Considerations 

Although  by  the  very  nature  of  the  PRADS,  the  fineness  of  adjust¬ 
ments  to  bi  performed  by  man  is  not  of  such  a  critical  scale  that 
a  load  could  not  be  prepared  under  extreme  conditions,  there  are 
material  limitations  which  further  limit  conditions  under  which 
this  system  may  be  prepared  and  maint;  oed.  The  result  is  that 
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because  parachutes,  paper  honeycomb  structures,  and  other 
clima'ic  sensitive  elements  must  be  assembled  under  conditions 
which  do  not  result  in  degraded  performance,  the  entire  operation 
must  take  place  under  conditions  which  coincide  with  human  corn 
fort  zones  and  therefore  no  degradation  in  human  performance  dut- 
to  environmental  conditions  should  result  in  degradation  of  sys¬ 
tem  performance 

5.4,9  HFE  Integration  in  Equipment  Design 

5.  4.  9.  1  A  nthropumel  r  tea  1  Cons  id e  rat  ions 

The  PR  ADS  sys  tern  configuration,  maintenance,  and  assembly 
requirements  establish  the  need  for  two  or  more  men  at  most  tasks; 
this  is  not  a  change  when  compared  with  the  existing  system,  and 
weights,  reaches,  operation,  force  applications,  and  motions 
arc  compatible  with  that  mode.  The  heaviest  component  is  the 
rockeL  pack  which,  without  rockets  weights  about  250  pound  or 
the  weight  of  a  G-ll  parachute  pack. 

5.4.  9.  2  Operator  Information  and  Response  Requirements 

There  do  not  appear  to  be  any  functions  or  tasks  requiring  attrib¬ 
utes  in  excess  of  those  normally  required  of  organizational  per¬ 
sonnel,  although  it  is  imperative  that  they  be  cognizant;  of  the 
consequences  of  inattention  to  detail  or  lack  of  alertness  to  pot¬ 
entially  dangerous  situations.  Riggers  and  detail  men  must  under¬ 
stand  what  they  are  doing  and,  physically,  why  it  is  done  in  a 
certain  fashion.  Adequate  explanation,  training,  and  experience 
will  suffice  here. 

5 .  4 .  9 .  3  Control  / Pis  play  Keqviircmenls 

The  use  of  checklists  to  asceriain  the  accomplishment  of  the  more 
important  tasks  should  be  required,  if  for  no  other  reason  than 
safety. 

5.  4.  9.  4  Gunn  mini  c  aliens 

An  alnii.isnhpri.  t  >t  1  r  u  s  I  rind  VwjIiCSly  Will  be  rCC]\llr0d  where  in- 
dividuals  ai  •.  installing,  safetying,  arming,  or  otherwise  working 
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with  scnsitue  elements,  it  must  be  possible  for  a  detail  man, 
rigger,  or  anyone  else  associated  with  the  delivery  system  as  a 
whole  to  admit  a  mistake,  without  prejudice,  rather  than  contend 
with  the  results  of  the  mistake.  Tins  aspect  is  particularly 
important  where  casual  detail  men  or  trainees  (everyone  on  a 
learning  curve)  are  concerned. 

The  concept  of  having  two  or  more  men  working  together  on  the 
same  task,  while  important  from  the  anthropomorphic  standpoint, 
is  also  beneficial  as  a  "buddy- system"  or  self- checking  mech¬ 
anism:  each  man  effectively  watches  what  the  other  is  doing,  and 
more  often  the  job  is  done  better.  And,  of  course,  the  efficient 
dissemination  of  materials,  handbooks  and  other  information 
essential  to  understanding  of  the  PRADS  will  be  required  as  part 
of  training  and  orientation  programs. 

5.4.9.  5  Traffic.  Flow 

The  principles  outlined  in  Reference  9  and  its  auxiliary  references, 
with  suitable  changes  and  additions,  will  provide  guidance  for 
U.  fi.  Army  units  concerned  with  the  PRADS. 

5.  4.  9.  6  Safety  Requirements 

This  is  a  sensitive  area  for  the  PRADS,  because  it  is  incompar¬ 
able  with  the.  existing  system,  which  utilises  active  components 
to  a  very  limited  extent.  The  ei  ’.'ting  system  utilizes  reefing  line 
cutters,  spring  loaded  devices,  and  heavy  components,  buL  the 
total  amount  of  potential  energy  dissipated  at  any  time  does  not 
compare  with  the  capability  of  the  PRaDS  rocket  system. 

The  design  and  testing  of  the  active  PRADS  components  comply 
with  rigid  specifications,  but  specifications  arc  limits,  and  it 
behooves  everyone  handling  or  using  these  components  to  under¬ 
stand  the  relationship  of  their  job  responsibility  to  system  limits 
and  therefore,  safety.  Warnings  will  be  obvious  where  applic¬ 
able,  but  because  it  is  still  possible  to  defeat  safety  mechanisms, 


a  new  material  control  procedure  a  ill  be  desirable,  similar  to 
other  heavy  ordnance  control  procedures. 

5.4.  10  Mock-ups  and  Models  Required 

Eventually,  everyone  with  the  need  to  know  and  use  the  PRADS  must 
become  familiar  with  it;  and  because  mock-ups  and  models  arc  all 
things  to  all  men  where  texts,  drawings  and  even  pictures  are  not, 
the  value  of  such  aids  is  considerable.  At  least  one  complete  mock¬ 
ed  up  system  per  using  division  is  recommended,  and  the  parts  can 
bo  genuine  except  for  the  pyrotechnic  components  which  can  be 
s  imulatod. 

Divisional  back-up  stock  can  be  the  source  for  some  of  the  required 
items,  It  is  also  recommended  that  because  of  the  magnitude  and 
scale  of  production  quantities  for  the  system,  that  prior  to  proto¬ 
type  development  or  test  hardware  construction  that  the  rockets, 
rocket  pack,  and  altimeter  subsystems  be  mocked  up  just  for  dim¬ 
ensional  and  functional  checking  of  interfaces,  envelope,  compati¬ 
bility,  or  possible  interference  with  aircraft  and  load,  etc. 

5.  4.  1 1  Dynamic  Simulation  and  Special  Studies  Anticipated 

Industrial  engineering  time  and  motion  studies,  (similar  to  one 
described  in  Ref.  11  for  ihe  purpose  of  establishing  TOE  manpower 
authorization  criteria),  work  measurement  time  standards,  and 
rigging  factors  will  be  necessary  so  that  airdrop  rigging  operations 
may  be  planned  with  more  accuracy  than  with  the  estimates  made 
in  the  course  of  this  study. 

There  will  also  be  the  possibility  that  things  which  are  not  known 
during  development  will  require  investigation,  such  as  newly  develop¬ 
ed  vehicles  or  loads  for  aird-ops,  the  adoption  of  improved  parts, 
and  a  program  of  continuous  development  for  the  extension  of  sys¬ 
tem  performance  to  lower  pllitudc-s,  or  heavier  loads,  and/or 
higher  speeds. 

5.  4.  12  Integration  of  HEP  in  System  and  .Subsystem  Trade- 

off  Studies 
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Human  factors  principles  arc  a  continuous  consideration  during 
trade-offs,  and  the  us  *  of  knowledge  and  experience  as  a  basis 
lias  often  resolved  selection  in  favor  of  the  human  element,  not 
altogether  for  its  own  sake,  but  because  selections  which  reduce 
cost  simplify  design,  and  even  improve  performance  and  re¬ 
liability  naturally  tend  to  be  more  compatible  with  HFE  princi¬ 
ples. 

5 .  4 .  13  Proposed  Design  Review 

Critical  HFE  problem  areas  are  handling,  rigging,  packing, 
maintenance  and  safety.  Contributing  to  each  of  these  are  weight, 
size  and  complexity.  The  important  single  factor  is  safety. 

HFE  advantages  arc  designed  and  built  into  the  hardware  so  the 
immediate  considerations  are  those  that  apply  to  design.  An 
analytical  effort  is  useless  unless  the  results  of  a  study  are 
utilized,  so  it  is  strongly  recommended  that  the  next  phase  of 
development  include  a  continuation  of  HFE  participation  in  design 
and  review  activities. 

5.  4.  i4  Personnel  Requirements  Anticipated 

5.  4.  14.  I  Manning  Levels 

The  first  consideration  is  that  in  all  likelihood,  the  PRADS  will 
be  utilized  primarily  for  assault  missions  as  it  is  too  expensive 
for  resupply  tasks  except  for  larger  loads,  and  existing  systems 
appear  to  function  well  enough  for  small  loads  at  higher  altitudes. 

The  tentative  manning  level  involves  three  divisions,  and  based 
on  the  results  of  the  economic  study,  additional  manning  will  not 
be  necessary;  and,  unless  the  PRADS  mission  capability  is  im¬ 
posed  as  an  added  capability  instead  of  just  a  diversion  of  cap¬ 
ability,  the  existing  organizations  can  adjust  to  suit  the  new  scheme. 
Therefore,  at  this  time,  the  net  requirements  for  the  PRADS  will 
approximate  the  requirements  for  the  existing  airdrop  system. 


5.  4. 14.  2 


Duty  Positions 


lb  '  duties  of  personnel  are  generally  defined  in  AR  611-101  and 
AR  vll-  201  with  additional  information  provided  by  Ref.  9.  Special 
notice  should  be  taken  mat  all  company  officers  and  warrant 
officers  and  all  enlisted  personnel  directly  concerned  with  the 
maintenance  and  operation  of  quartermaster  airdrop  equipment 
arc  qualified  parachute  riggers  on  parachute  duty.  From  this, 
it  is  seen  that  a  lengthy  analysis  would  not  result  in  useful  out¬ 
put;  the  existing  information  provides  sufficient  guidance  that 
with  discretion,  a  command  may  structure  duly  rosters  and  posi¬ 
tions  in  the  manner  most  suitable  to  the  variable  mission  require¬ 
ments  and  operations.  Fuilhenuore,  it  is  a  goal  and  intent  to 
avoid  changes  in  organizational  routines  which  tend  to  complicate 
or  increase  manpower  allocations  and  assignments;  at  this  time, 
significant  changes  in  this  aspect  of  organization  are  not  visualiz¬ 
ed. 


6.  4.  14.  3  Skill  Requirements 

The  PRADS  introduces  some  new  situations  into  the  lives  of  those 
who  will  be  directly  concerned  with  the  system.  As  has  been 
indicated  before,  the  important  single  factor  to  be  considered  is 
safety;  the  active  system  components  are  potentially  dangerous, 
and  concientious  performance  of  duty  will  be  important,  It 
appears  that  a  high  level  of  proficiency  will  be  invaluable  for 
complete  system  success,  even  ihough  the  skill  Uvel  requirements 
will  change  little.  Similar  to  the  existing  system,  the  consequence 
of  mistakes  may  be  the  loss  of  a  load,  except  that  if  the  mistake 
somehow  involves  the  aircraft  system  or  the  rocket  safe  and  arm 
sequence,  the  losses  may  involve  more  than  just  the  load. 

To  the  best  of  knowledge,  the  rocket  systems  currently  concerning 
the  Army  are  expendable  weapon  system  types,  and  the  PRADS 
is  a  reusable  work  horse.  The  nature  of  the  two  types  are 
different,  involve  different  sequencing,  purpose,  and  handling. 

The  PRADS  does  incorporate  devices  which  have  low  safe  usage, 
but  because  of  rcuseability  factors  and  other  characteristics, 
safeties  are  different  and  possibly  capable  of  being  more  easily 


defeated.  It  should  bo  pointed  out  that  there  are  two  safeties  in 
series,  one  on  the  ground  sensor  and  one  on  the  solenoid;  therefore, 
some  margin  of  error  can  be  tolerated  without  being  disastrous. 
Arming  sequence  depend  upon  the  proper  functioning  of  other 
elements  of  the  system,  which  in  turn  are  installed  or  arranged 
by  personnel.  The  tasks  themselves  do  not  require  special  dexter¬ 
ity  or  mental  concentration,  but  thoroughness  as  to  detail  and 
workmanship  can  not  be  overemphasized. 

5 .  4 .  15  Training 

5 .  4 .  15.  1  Training  Devices 

The  best  i  ecommcndations  that  can  be  made  are  that  subsequent  to 
the  preparation  of  preliminary  operation  manuals,  that  full  scale 
mock-ups  be  used  for  component  familiarization,  and  that  loads 
actually  be  rigged  and  checked  and  eventually  dropped.  Basic 
and  intermediate  training  should  also  enjoy  maximum  utilization 
of  audiovisual  techniques,  not  just  to  convey  the  full  impact  of  the 
system,  but  because  of  the  proven  efficiency  of  the  medium.  The 
documentation  requirements,  manuals,  texts,  handbooks  and  other 
instructional  techniques  are  entirely  worthy  of  emulation  for  the 
PRADS,  and  combined  with  on  the  job  instruction,  should  result 
in  ihe  desired  capability. 

b .  4 .  15.  2  Job  A  ids 

Because  of  many  common  denominators  between  the  existing  all- 
parachute  system  and  the  PRADS.  existinr  facilities  and  eauinment 
can  be  utilized  to  a  very  large  extent.  Th'ie  are  a  number  of 
documents  which  outline  the  necessary  and  available  materials, 
such  as  TM  10-  1670  -  222-  2  3P,  and  formal  preparations  of  the  PRADS 
manuals  should  incorporate  much  of  the  existing  information  and 
materials  on  the  basis  of  this  commonality.  Special  tools  and  other 
aids  will  be  minimized,  but  some  will  of  coursi  be  necessary,  2nd 
pertain  primarily  to  the  rocket  pack  subsystem  and  the  altitude 
sensor  and  signal  system. 

5.4.16  HFF  Participation  in  Testing  and  Evaluation 
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5 .  4 .  16,  1 


Test  Objectives 


The  objective  ol  HFE  testing,  whatever  the  form,  will  be  to  verify 
the  adequacy  of  certain  design  features  with  respect  to  the  adopted 
criteria,  and  to  recommend  changes  where  discrepancies  are 
d  is  cove  red. 


5.  4.  16.  2  HFE  lest  Methods  and  Equipment 

The  HFE  testing  will  be  integrated  with  the  proposed  system  develop¬ 
ment  test  series,  and  although  no  special  HFE  requirements  are 
established  for  many  tests,  the  tests  will  be  monitored  for  human 
factors  effects.  The  requirements  for  the  ancillary  equipment  which 
may  become  necessary  for  specific  HFE  testing  will  be  acquired  or 
devised  as  the  need  arises.  The  fundamental  plan  is  as  follows: 

(a)  Engineering  Development  Phase:  A  detailed  step  by  step  seq¬ 
uence  of  system  handling  requirements  from  the  shipping  crates 
thru  one  complete  cycle  of  all  possible  events  for  critical  compon¬ 
ents  and  safety  devices  shall  be  prepared  by  the  design  activity  and 
scrutinized  by  the  HFE  activity.  The  performance  shall  be  com¬ 
pleted  as  early  in  the  engineering  development,  phase  as  practicable, 
so  that  necessary  revisions  may  be  facilitated. 

(b)  Development  Test  Phase:  Dry  runs  with  mock-ups  and  inert 
pyrotechnics  wilL  be  performed  to  discover  any  further  shortcom¬ 
ings. 

(c)  Qualification  Test  Phase:  All  tests  will  be  monitored  for 
human  factors  effects. 
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TRADE  -  OFF  ANALYSIS 


6,  0 

6.  I  Ini  roduc  lion 

The  intent  of  a  trade-off  is  to  determine,  by  various  methods  such 
as  analysis,  experimentation,  or  experience,  which  of  a  number 
of  conflicting  requirements  are  to  be  satisfied,  and  in  what  order 
of  priority,  with  the  least  compromise  of  cost,  performance, 
reliability,  safety,  or  other  considerations. 

System  optimization  is  the  determination  of  which  of  a  number  of 
methods  or  techniques  of  accomplishing  a  function  is  best,  with 
each  clement,  subsystem,  or  part  of  a  system  working  at  max¬ 
imum  efficiency  so  that  the  system  is  of  minimum  weight,  volume, 
and  complexity. 

It  can  then  be  seen  that  an  optimized  system,  while  meeting  per¬ 
formance,  reliability,  and  safety  requirements,  may  not  be  of 
acceptable  cost,  or  may  not  be  consistent  with  the  limitations 
imposed  on  system  design,  such  as  the  need  to  use  existing 
equipment,  and  therefore,  in  actuality,  the  purpose  of  a  study 
would  be  to  define  a  system  which  complies  with  the  limitations 
to  the  extent  that  the  limitations  and  system  performance  require¬ 
ments  arc  mutually  compatible,  and  that  the  weight,  volume, 
durability,  etc.,  are  acceptable,  and  that  performance,  reliability, 
and  safely  are  assured,  and  that  the  resulting  overall  cost  is  as 
low  as  can  be  achieved. 

The  above  efforts  must  be  continuous  throughout  a  program  to 
be  effective. 

6 .  2  Objective 

This  discussion  is  intended  to  present  a  brief  summary  of  various 
forms  of  justification  for  the  existence  of  the  proposed  new’  PRADS 
configuration,  along  with  pertinent  facts  about  the  development 
history  of  the  systi  m  to  date. 


The  purpose  of  this  report  is  not  only  to  describe  w'hat  has  already 
been  done  concerning  system  optimization,  and  some  of  the  trade- 
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of  is  that  were  made,  but  also  to  provide  further  direction  and  to 
recommend  further  effort  in  certain  areas  during  future  develop¬ 
ment  which  should  prove  beneficial. 

6.  4  Philosophy 

Precious  work  had  already  found  that  the  system  performance  goals 
were  realistic,  and  that  they  could  be  feasibly  achieved  by  a  sys¬ 
tem  utilizing  rockets  and  parachutes.  Furthermore,  it  may  be 
accomplished  with  greater  efficiency  and  possibly  have  an  even 
greater  capability  than  an  all  parachute  system  or  other  concepts 
which  were  concocted. 

With  the  benefit  of  and  experience  wnth  an  existing  capability  and 
the  desire  to  utilize  the  existing  hardware  to  the  maximum  extent 
possible,  it  was  only  necessary  to  integrate  a  rocket  and  altitude 
sensing  subsystem  into  the  total  system  to  achieve  what  was 
essentially  a  lower  altitude  capability. 

Now,  presumably,  any  acceptable  system  must  possess  adequate 
capability:  strength.,  insensitivity,  cte.  ,  to  be  of  value,  so  once 
certainty  of  success  is  assured,  workability  can  be  accepted  as 
a  fact,  and  the  effort  becomes  one  of  improving  the  function  and 
other  effectiveness  parameters  of  the  system  and  its  comoonents 
while  eliminating  design  and  functional  problems  as  they  present 
themselves  along  the  way,  and  finally,  tuning  the  system,  as 
applied  Lo  various  conditions,  for  uniform  smooth  performance. 

6.  5  General 

The  need  for  a  system  that  fulfills  the  performance  goals  requires 
large  order  performance  improvements  of  the  decelerator  sub¬ 
system,  combined  with  high  reliability,  with  the  best  weight 
efficiency  and  cost  effectiveness  achievable,  flexible  enough  to 
operate  conventionally  w'ith,  and  be  compatible  and  safe  with 
existing  and  future  aircraft  systems,  and  preferably,  minimize 
modification  or  re-design  of  present  equipment,  or  the  associated 
logistic  structure,  and  be  readily  available. 


The  first  consideration  is  that  in  all  likelihood,  the  PR  A  US  will  be 
utilized  primarily  for  assault  missions,  as  it  will  be  more  expen¬ 
sive  for  resupply  tasks  than  existing  methods  which  appear  to  funct¬ 
ion  well  enough  in  that  capacity. 

6.  6  Trade-Off  Analysis 

6.6.1  Critical  Trade-Off  Parameters  are: 

a)  Performance  and  Reliability 

b)  Operational  Utilization. 

c)  Economics. 

d)  Safety. 

6.6.2  The  logical  system  criteria  are  then: 

a)  The  optimised  system,  whatever  the  ultimate  config¬ 
uration,  should  meet  or  exceed  the  performance  goals  established 
by  the  contract. 

b)  The  PRADS  concept  should  equal  or  exceed  the  utiliza¬ 
tion  factors  of  the  existing  all  parachute  system. 

c)  All  costs  should  be  minimized. 

d)  The  PRADS  should  not  increase  the  risk  to  personnel, 
aircraft,  or  other  equipment. 

e)  The  design  should  iake  full  advantage  of  materials, 
methods,  and  techniques  which  enjoy  the  best  of  the  state-of-the- 
art,  consider  the  possibilities  of  the  present  frontier  of  the 
state-of-the-art  which  may  be  tomorrow's  achievable  stat  ;  of  the 
art,  and  satisfy  the  following  supplementary  criteria  for  general 
part  selection: 

A  ppl  icabil  ity. 
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High  Reliability. 


A  vailability. 

How  Cost. 

6.6.3  A pproach 

Early  analysis  and  testing  showed  that  cver^  subsystem  aspect 
might  benefit  from  a  concerted  system  optimization  and  simplifica¬ 
tion  effort. 

The  extrapolation  of  knowledge  of  the  previous  exploratory  GPADS 
configuration  which  was  employed  as  an  expedient  for  the  test  pro¬ 
gram  indicated  that  considerable  work  or  a  redesign  was  justified 
and  necessary  to  alleviate  physical  complexity,  complicated 
operational  sequences,  weight,  and  costs,  before  it  would  begin  to 
pay  to  perform  subsequent  analyses  on  the  system. 

The  Human  Factors  Engineering  Study,  The  Altitude  Sensor  Study, 
Tide  Economic  Analysis,  The  Performance  Analysis,  The  Safety 
Analysis,  The  Aircraft  Utilization  and  C-FE  Compatibility  Studies , 
and  the  Component  Design  Specifications  more  completely  describe 
the  progress  made  in  those  specific  areas,  so  this  discussion  will 
deal  primarily  with  criteria  and  in  generally  qualitative  terms 
and  parameters. 

There  were  ether  considerations  which  affected  decision  making, 
and  among  them  were: 

The  system  design  should  lake  into  account  and 
consider  the  possibility  of  a  capability  to  deliver  loads  up  to  50,  000 
pounds  under  the  same  conditions. 

The  system  design  should  take  into  account  other  con¬ 
siderations  which  gave  the  PRADS  an  advantage  regardless  of 
altitude. 


6.6,4 


The  Rockel  Rack  anu  j-  ockcle 


Consideration  o  1  all  of  the  abcve  and  experience  with  the  GPADS, 
and  AFOADS  which  showed  promise  of  success  with  parachutes 
only  for  loads  up  to  fifteen  or  twenty  thousand  pounds  favored 
the  larger  load  range  for  the  PR  ADS. 

Additional  requirements  for  a  redesigned  rocket  pack  would  be 
that  various  combinations  of  the  number  of  rockets  should  balance 
forces  as  well  as  possible.  Examination  of  the  various  possibil¬ 
ities  resulted  in  a  single  rocket  pack  which  would  utilize  twelve 
rockets  instead  of  tv.’O  rocket  packs  and  thirty-six  rockeLs,  for  the 
35,000  pound  load.  Any  combination  except  one  or  eleven  rockets 
will  balance  forces  perfectly,  and  the  automatic  s tabiliza tion  fea¬ 
ture  of  the  rocket  pack  will  provide  satisfactory  realignment  with 
eleven  rockets,  This  results  in  a  rocket  system  which  overlaps 
alt  possible,  load  requirements  except  for  a  small  gap  between 
three  and  four  rockets,  and  between  two  and  three  rockets,  and  a 
cut  off  below  what  load  can  be  recovered  with  two  rockets  before 
excessive  rocket  loads  are  induced. 

This  way  the  discontinuities  are  bridged  by  adjustments  in  the 
number  of  parachutes  required,  and  the  range  capacity  for  the 
PRADS  extends  w>ell  into  the  range  that  an  all  parachute  system 
can  work  in. 

At  the  same  time,  it  is  possible  to  recover  loads  via  parachutes 
only  up  to  the  weight  range  where  there  are  no  discontinuities  in 
capability  using  the  PRADS  parachute  and/or  G-I2;s. 

This  means  that  the  smallest  load  on  which  it  would  pay  to  use 
the  PRADS  will  be  about  11,  000  pounds.  This  would  seem  to 
make  the  provision  for  a  combination  of  two  or  three  rockets 
superfluous,  but  in  view  of  the  requirements  for  force  balance  and 
load  overlap  from  11,  000  pounds  up,  it  is  not.  Also,  with  this 
configuration  the  load  range  is  extended  to  40,000  pounds  with 
suitable  parachute  additions. 

This  coincides  nicely  with  the  probability  that  missions  will  not  be 
fl  .vn  at  lower  than  500  feet  or  so,  at  which  point  loads  above 
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15,000  pounds  gel  questionable,  Some  of  the  lighter  loads  will  of 
course  be  capable  of  recovery  at  altitudes  down  to  350  feet,  either 
with  the  PRADS  in  two  or  three  rocket  combinations,  or  with  para¬ 
chutes  only. 

Later  in  the  program,  the  promised  solution  of  the  heal  and  blast 
problem  by  the  new  configuration  corroborated  the  choice. 

The  roc-ets  themselves  were  of  course  redesigned,  providing  for 
the  larger  total  impulse  required,  but  at  the  same  time,  ignition 
will  be  softened,  allowing  some  progressivity  during  burn,  which 
should  alleviate  the  force  control  problem  which  exists  with  the 
old  system. 

6.6.5  The  Parachutes 

From  the  standpoint  of  logistics,  human  factors,  and  cost,  it  is 
desirable  to  have  only  one  type  of  parachute;  and  from  the  stand¬ 
point  of  performance,  clusters  of  nine  or  more  parachutes  com¬ 
plicate  rigging,  deployment  and  inflation,  and  there  has  to  be 
compatibility  with  the  rockets  with  respect  to  incremental  load 
recovery  capability.  The  desirability  of  a  parachute  subsystem 
which  would  function  without  reefing,  parachute  disconnects,  and 
the  large  opening  forces  associated  with  certain  designs  are 
obvious . 

Rigorous  investigation  of  the  parachute  requirements  with  res¬ 
pect  to  size,  number,  load  increment,  descent  velocity,  in¬ 
flation  time,  opening  force,  impact  velocity,  stability,  altitude, 
temperature,  and  the  aforementioned  considerations  resulted  in 
the  selection  of  the  parachute  which  incorporates  features  which 
fulfill  the  requirements. 

6.6.6  The  Absolute  Altitude  Sensor 
There  was  considerable  trading  in  this  area, 

Examination  of  the  subsystem  configuration  which  was  incorpora¬ 
ted  into  the  test  program  resulted  in  the  necessity  for  another 
approach. 


Aside  from  the  problems  associated  with  the  dynamics  of  the  double 
flexible  probe  system,  the  mechanisms  are  complex  and  com¬ 
plicated,  and  the  maintenance  and  logistic  requirements  are 
formidable.  Tit  cos!  oi  ownership  would  be  very  high  due  to 
attrition,  ma;  me  nance,  and  refurbishment.  The  hydro- mechanical- 
explosive  concept  requires  replacement  cf  certain  parts  after 
every  use  and  continuous  maintenance  of  the  hydraulic  section. 
There  art-  many  human  error  sources,  and  because  of  reliability, 
the  concept  requires  redundancy,  which  doubles  some  problems. 

A  number  of  systems  were  investigated,  the  best  of  which  are 
described  in  the  secti  >n  or;  Absolute  Altitude  Sensing,  and  a  type 
was  selected  for  application. 

6.6.7  The  Rocket  Igrition  System 

This  area  proved  to  be  very  fertile  from  the  standpoint  of  relia¬ 
bility,  safety,  and  cose. 

The  original  concept  utilized  mild  detonating  fuse  (MDF)  between 
the  mechanical  probes  and  the  probe  housings,  where  a  ballistic 
interface  was  provided  between  the  probe  reelout  brake  mechanism 
and  the  confined  detonating  fuse  (CDF)  signal  line  to  a  shuttle 
valve  (in  a  rocket  pack)  which,  when  functioned,  allowed  stored 
to  pneumatically  activate  the  rocket  ignitors. 

The  MDF-CDF  was  expendable  but  expensive  and  some  problems 
arose  concerning  electrostatic  susceptibility  and  generally,  safety 
and  dependability.  Economics,  perfcrmance,  and  safety  cons idera- 
tions  prompted  further  stuay  of  other  methods.  Various  laser, 
electrical,  and  pneumatic  systems  were  evaluated,  but  were  dis¬ 
carded  for  the  same  reasons,  for  instance,  low  powered  electrical 
systems  were  still  unsafe,  other  systems  still  required  refuibish- 
ment,  or  were  fragile,  expensive,  or  functionally  time  consuming. 

The  selected  system  is  a  relatively  high  powered,  non  electro¬ 
static  sensitive,  reuseable  electrical  system  utilizing  rugged  off- 
the-shelf  redundant  cables,  which  operates  a  highly  reliable, 
relatively  inexpensive  solenoid  val"a.  a  till  pneumatically  firing 


the  rockets  with  stored  N  p  in  a  rechargeable  system,  Further 
development  oi  the  enlarging  system  is  necessary  to  determine 
whether  it  is  necessary  to  use  a  tankage  source  foi  high  pressure 
N  or  whether  inexpensive  expendable  sources  or  even  dry  air 
sources  or  compressors  would  be  better. 

6.  7  Conclusions 

6.  7.  1  Supplementary  Trade-Off  Parameters  are: 

a)  Capability  and  Dependability 

b)  Durability 

c)  Failure  Dependency  or  Independency 

d)  Maintainability  and  Serviceability 

e)  Vulnerability  and  Survivability 

f)  System  Effectiveness 

g)  Weight 

6.  7.  2  Methodology 


Some  of  the  above  are  recognized  as  being  associated  with  Human 
Factors,  or  other  areas  which  are  considered  in  other  parts  of  this 
whole  study,  but  they  are  reiterated  here  to  assist  in  the  thought¬ 
ful  evaluation  of  the  system  and  its  components,  and  to  substantiate 
t Vt q  follow  ing: 


There  are  many  ways  in  which  a  function  may  be  achieved,  and 
barring  human  error,  any  configuration,  no  matter  how  conceived, 
will  -work  if  it  is  finally  developed,  tuned,  and  durably  built.  But 
we  cannot  eliminate  or  neglect  the  interfaces  between  man  and 
machine,  and  machine  and  machine,  otherwise  a  device  will  be 
doomed  to  outright  failure  or  to  some  place  within  the  gradient  of 
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relative  efficiency. 

Therefore,  the  considerations  are  manifold,  and  the  evaluation 
itself  is  filled  with  potential  problems,  but  when  the  absolute  and 
relative  merit  of  devices  are  compared  with  trade-off  parameters 
for  acceptability,  and  an  effort  is  maintained  to  not  only  start  with 
workable  concepts  but  to  persist  in  the  improvement  of  techniques 
right  up  to  the  frontier  of  the  known  or  predictable  state  of  the 
art,  the  probability  of  success  is  enhanced. 

Because  no  device  or  system  functions  completely  independently, 
free  from  all  the  environment,  the  evaluation  of  a  concept  is  performed 
as  an  integrated  system  of  relatively  important  components,  and 
therefore,  much  of  the  evaluation  is  performed  from  the  basis 
of  systems  analysis. 

A  useful  systems  analysis  method  is  outlined  in  Figure  6.1. 

Note  that  depending  upon  the  degree  to  which  the  results  of  a  stage 
can  be  visualized,  a  subsequent  stage  may  be  bypassed.  Many  of 
the  decisions  will  be  made  on  the  basis  of  experience  or  intuition, 
which  may  after  all,  he  a  form  of  extrapolated  experience. 

6. 8  Summary 

6,  8.  I  The  prerequisite  study  and  understanding  of  the  pro¬ 

posed  system  imply  that,  intra- program  trade-offs  favored  the 
following,  and  in  the  approximate  order  shown. 


a)  Performance 

b)  Reliability 

c)  Cost 

d)  Safety 

e)  Durability 

f)  Weight 

6.8,2  Other  equipment,  supplies,  and  materials,  which  are 

not  specifically  considered  here,  were  found  to  be  compatible  with 
and  satisfactory  for  use  with  the  PRADS,  to  the  extent  that  they  are 
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dependent  on  the  function  and  performance  of  PP A Ub  as  treated 
here. 

6.  8.  3  The  areas  still  requiring  further  work  are: 

Rocket  pack  weight  reduction  ( re- affirmation  of 
modular  concept). 

Parachute  force/time  tuning  (see  proposed  parachute 
specification). 

Pa rachute/ rocket  pack  suspension  system  tuning 
(riser  extension,  bridle,  and  various  force  transfer  etc.  lanyards), 

7.0  AIRCRAFT  UTILIZATION  AND  COMPATIBILITY 

7.  1  Introduction 

A  design  objective  for  the  PRADS  is  to  achieve  a  degree  of  utiliza¬ 
tion  and  compatibility  with  certain  cargo  aircraft  and  other  Govern¬ 
ment  Furnished  Equipment  which  is  equal  to  or  better  than  the 
existing  system. 

7.  2  Scope 

The  C-5A,  C-141,  and  C-130  were  examined  with  respect  to  aircraft 
limitations  and  other  characteristics  concerning  airdrop  operations 
to  determine  whether  PRADS  rigged  loads  are  compatible  with  the 
aircraft  systems  which  would  utilize  the  PRADS,  and  to  what  ex¬ 
tent  utilization  was  enhanced  or  changed, 

Other  aircraft  were  also  examined  for  possible  application,  and 
information  is  provided  pertaining  to  physical  characteristics. 
Attention  is  directed  to  the  Performance  Analysis  for  additional 
information  pertaining  to  relationships  involving  considerations 
related  to  speed  and  altitude. 


139 


Comparison  of  current  'limitations  oi  the  various  aircraft  and 
equipment  with  the  airdrop  system  performance  goals  define  the 
areas  of  incompatibility,  and  various  combinations  of  parameters 
further  limit  compatibility. 

Flight  Safety  analysis  is  treated  in  a  separate  section,  but  where 
it  limits  cargo  size  or  weight  it  becomes  a  consideration  here. 

7.  3  Pu rpos e 

The  information  presented  here  can  be  used  as  a  brief  guide  to 
current  limitations,  and  references  are  provided  for  additional 
s  tudy. 

7.  4  Gene ral 

The  capability  of  cargo  aircraft  and  other  ancillary  equipment  to 
meet  the  new  demand  imposed  by  the  PRADS  is  an  important  con¬ 
sideration  in  this  study. 

Load  factor  limitations,  recovery  system  forces  and  equipment 
requirements,  and  aircraft  speed  requirements,  cargo  compart¬ 
ment  dimensions,  ramp  loads  and  conveyor  mechanisms  are 
other  considerations. 

The  following  paragraphs  present  the  results  of  the  study  performed, 
along  with  pertinent  remarks  where  problem  areas  are  anticipated. 

7.  5  Discussion 

7.  5.1  The  PRADS  concept  and  the  equipment  areas  in  which 

the  differences  occur,  do  not  affect  compatibility  with  an  aircraft 
from  a  performance  standpoint  since  the  proposed  system  will 
function  similarly  to  the  current  system  while  the  load  is  within 
the  aircraft,  because  it  utilizes  the  same  extraction  technique 
and  equipment. 

At  this  particular  point  in  development,  PRADS  loads  enjoy  an  aver¬ 
age  weight  utilization  factor  of  .  93  compared  with  .  91  for  an  all- 
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pa:  achute  system.  This  means  -hat  the  PR  ADS  load  is  .  98  as  heavy 
as  an  all  parachute  system  load.  The  other  significance  is  that 
this  is  a  weight  r  eduction  of  almost  307o  in  the  weight  of  the  recovery 
Bystem  alone. 

For  planning  purposes,  the  gross  rigged  weight  of  material  to  be 
airdropped  from  aircraft  can  be  approximately  estimated  by  using 
the  following  equation: 

Gross  rigged  weight ^  1200  +1.14  X  Airdrop  Weight 

7.  5.  2  The  combined  Rocket  Pack  -  Parachute  system  will 

occupy  less  space  than  all  parachute  system. 

The  platform  size  requirements  will  remain  the  same  with  the  use 
of  modular  type  platforms. 

The  requirements  foi  r'gging  and  handling  A-22  containers  and 
other  standard  loads  (Ref.  1,2,  &  3)  are  compatible  with  the  C-130B 
&  F  and  the  performance  goals  of  the  proposed  PRADS. 

The  airdrop  configuration  of  the  C-130  B  Si  E  will  use  the  dual  rail 
system  only  (Ref.  4)  which  uses  the  modular  platform  only  (Ref.  3 
&  5),  which  is  consistent  with  the  current  requiremems  for  airdrop 
of  supplies  and  equipment. 

7.  5.  3  At  this  time,  there  exists  mutual  compatibility  be¬ 

tween  tne  PRADS  equipment  configuration,  contract  performance 
goals,  C-130  B  &  E  aircraft  limitations,  and  standard  and  non¬ 
standard  airdrop  loads,  up  to  and  including  individual  loads  of 
35,000  pounds  and  composite  loads  up  to  the  load  capacity  of  the 
aircraft. 

When  compared  with  the  current  conventional  parachute  airdrop 
system,  the  PRADS  concept  is  found  to  vary  essentially  with  res¬ 
pect  to  performance;  space  utilization,  weight,  ground  handling, 
and  extraction  sequences  are  similar. 

Aircraft  load  distribution  for  single  or  composite  loads,  with 
single  or  multiple  aircraft,  remain  unchanged,  for  the  C-130, 
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For inj '  ion  fly mg  procedures,  as  outlined  in  Ref.  (6)  are  unchanged 
for  the  G -  HO . 

7.  5.  4  According  to  Ref,  (7),  no  airdrops  are  permitted  un¬ 

less  restraint  rail  mechanisms  arc  individually  lucked  (but  not 
with  the  remote  control  locking  system),  and  the  airdrop  system 
may  not  be  used  until  Lest  programs  are  complete;  however,  when 
airdrop  is  operational  utilizing  the  C-141,  if  the  airdrop  mechanical 
system  used  is  compatible  with  current  platform  and  extraction 
requii  ements,  then  no  special  problems  arc  visualized.  This  is 
exclusive  of  any  flight  limitations  established  for  the  aircraft. 

The  extraction  phase,  particularly  the  roller  loads  and  extraction 
line  requirements  are  thought  of  as  being  the  problem  areas, 

7.  5.  5  The  PRADS  concept  maintains  compatibility  with  the 

concept  of  interspersed  airdrop  of  troops  and  cargo,  with  the 
necessity  of  being  aware  of  the  timing  required  because  of  the 
differences  in  performance  between  the  PRADS  and  pe.rsonnel  recovery 
systems,  particularly  when  mass  formation  drops  are  performed. 

Attention  to  and  the  study  of  the  references  listed  at  the  end  of  1 

this  work  is  recommended,  as  the  characteristics  of  aircraft  and 
airdrop  systems  change  regularly,  and  it  is  considered  important 
to  maintain  awareness  of  current  limitations  of  the  most  reliable 
systems  being  utilized. 

Duplication  of  da^a  subject  to  change  in  this  work  would  be  classified 
as  UNCONTROLLED,  and  therefore,  would  not  be  in  the  best 
interests  of  the  coordinated  development  of  the  airdrop  capability 
as  a  whole. 

7.  5.  6  Sufficient  data  on  the  C-  5  i  not  available  to  render 

findings  either  as  to  the  advisability  of  c  the  actual  airdrop  of 
the  PRADS.  Reference  (9)  and  (10)  provide  some  of  the  data  how¬ 
ever.  There  is  no  reason  to  believe  that  PRADS  will  impose  any 
limitation  upon  use  of  the  C-5.  In  fact,  if  the  present  airdrop  sys- 
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tern  can  be  used  with  a  longer  extraction  line,  PRADS  will  be  com¬ 
patible. 
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COST  ANALYSIS 


8.  0 


Introduction 


Al’  costs  which  arc  discussed  or  presented  are  those  which  begin 
at  1  tie  onset  of  the  next  phase  of  the  PRADS  program,  current  costs 
being  thought  of  as  being  necessary  to  acquire  this  information. 

Past  and  current  cost,  even  when  added  to  other  relatively  in¬ 
significant  cost  factors,  form  only  a  very  small  part  of  the  total 
cost  of  development,  acquisition  and  operation  of  the  system  over 
a  period  of  five  to  ten  years  or  longer. 

In  some  cases,  the  data  is  presented  in  the  form  of  manhours  for 
comparative  purposes  and  because  further  conversion  to  dollar 
values  was  uncertain. 

The  data  presented  is  budgetary  only,  and  does  not  constitute 
either  an  actual  or  implied  proposal.  All  costs  are  shown  in 
1 9 o ■>  dollars.  The  estimates  exclude  spare  parts. 

8.1.  1  Discussion 

The  fallout  from  the  economic  study  is  manifold: 

1.  It  is  more  economical  louse  reloadable  or  refurbishable 
components  than  it  is  to  use  expendable  ones.  (Pef.  Table  L) 

2.  It  is  more  economical  to  use  reusable  components  (not 
requiring  refurbishment)  than  it  is  to  use  refurbishable  ones. 

3.  The  rystem  simplification  and  design  optimization  effort 
has  resulted  in  the  following  configuration: 

a.  one  size  rocket  pack 

b.  one  rocket  pack  for  any  load 

c.  modular  rocket  pack 

d.  combina  lions  of  from  two  to  twelve  8000  lbs-sec.. 

rockets 
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e.  one  parachute  size 

f.  combinations  of  from  one  to  six  parachutes 

g.  no  parachute  reefing  required 

h.  low  individual  recovery  system  weight 

i.  electro- optical  altitude  sensor 

j.  electro- pneumatic  rocket  ignition  system 

4.  Because  of  inspection  and  quality  control  requirements,  and 
the  attendant  facilities,  equipment,  and  the  extraordinary  documen¬ 
tation,  maintenance,  training,  and  manpower  requirements,  it  is 
recommended  that  rocket  refurbishment  be  accomplished  only  by 
the  original  equipment  manufacturer.  All  the  rocket  manufacturers 
consulted  in  this  matter  concurred. 

5.  The  effects  on  cost  by  the  PRADS  manpower  requirements  is 
uncertain.  Examination  of  Paragraph  8.4,  which  is  realistic, 
shows  that  for  the  particular  samples  chosen  that  the  PRADS  re¬ 
quires  less  manhours.  The  difference  is  about  5°/  and  appears 

to  be  well  within  the  scope  of  capability  of  existing  TCE's  for  air¬ 
borne  companys  and  their  back-up. 

The  whole  operation  is  contingent  upon  operational  scheduling,  but 
it  appears  fair  to  conclude  that  some  decrease  in  manpower  can  be 
expected,  and  that  labor  cost  is  decreased. 

6.  The  bulk  of  the  total  cost  for  comparison  purposes  is  con¬ 
stituted  essentially  of  the  production  supply  costs  and  the  cost  of 
ownership. 

7.  The  cost  of  ownership  for  a  capability  for  any  hardware  items 
ultimately  becomes  the  total  cost  of  the  system  minus  the  sur¬ 
plus  value  of  w'hat  is  left,  unless  used  at  a  continuously  diminishing 
rate  till  depletion  through  attrition. 

8.1.2  Analysis 

In  this  analysis,  an  estimate  of  costs  to  fully  develop  and  qualify 
the  system  for  production  is  m<  st  easily  determined  if  tentative 
chronological  and  manpower  schedule."  are  prepared. 
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Table  A  is  an  estimate  of  costs  for  the  ^AEC  effort  to  prime  con¬ 
tract,  develop,  coordinate,  and  test  the  system. 

Table  B  shows  an  approximate  schedule  for  SAEC  and  its  support¬ 
ing  vendors  to  coordinate,  develop,  and  qualify  the  system  com¬ 
ponents,  and  prequalify  the  system. 

Table  C  is  an  estimate  of  costs  for  items  which  will  be  required 
lor  prequalification  of  the  integrated  system,  the  components  of 
which  are  already  fully  developed,  tested,  and  individually  qualif¬ 
ied. 

Table  D  is  a  summary  of  estimated  costs  for  design,  development, 
and  qualification  for  the  items  listed. 

Table  E  is  a  summary  of  estimated  costs  for  production  of  various 
numbers  of  components. 

Table  F  is  a  summary  of  total  estimated  program  costs  to  the 
Government,  exclusive  of  C-FE  and  other  additive  Government 
expenses  for  the  system  development. 

Table  G  thru  J  summarise  other  cost  considerations. 

Table  K  is  a  summary  of  key  PRADS  items  requiring  development, 
qualification  and  production,  and  show  s  the  results  of  computation 
using  the  TIE  Contractor  provided  data  for  examples  of  the 
determination  of  the  initial  order  for  new  components.  Also  shown 
are  the  results  of  computation  using  the  TIE  Contractor  provided 
data  for  type  and  quantity  of  loads  assumed  to  be  dropped  per 
division  per  year  in  training,  but  with  the  benefit  of  formula  (1), 
which  provides  a  more  refined  estimate  of  actual  quantities  re¬ 
quired,  although  the  example  initial  order  quantities  may  be  used 
lor  cost  comparison  purposes. 

8.  2  Cost  Analysis  Quantity  Requirement  Study 

(Ref.  Table  K) 
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A  viseful  lumped  parameter  for  the  determination  of  quantities  re¬ 
quired,  over  a  number  of  vises  is  the  use  life  of  an  item,  or  drop 
life,  as  we  will  refer  to  it  here. 

This  may  be  thought  of  as  the  total  useful  life  in  terms  of  the  num¬ 
ber  of  Limes  it  may  be  used  or  dropped,  due  to  any  cause. 

The  reciprocal  of  this  number  may  be  thought  of  as  the  probability 
of  loss  of  an  item  due  to  any  cause,  when  an  item  is  used  either 
singly,  mullipally,  or  simultaneously  with  others. 

This  principle  is  also  more  refined  than  an  estimation  of  back  up 
quantities,  because  it  relates  attrition  to  drop  life,  and  a  good 
evaluation  of  drop  life  is  available  from  an  analysis  of  design 
attributes  such  as  simplicity,  ruggedness,  and  maintainability 
within  the  operational  environment. 

The  principle  need  not  apply  to  expendable,  or  one-shot  items, 
for  then,  the  quantity  required  is  simply  the  same  as  the  total 
number  of  individual  uses. 


For  all  other  cases,  however,  the  losses  due  to  probability  are 
added  to  achieve  the  original  level  for  each  use,  thus,  for  any 
initial  capability,  the  initial  supply  is  determined  by  the  follow¬ 
ing: 


Cl 


(MiNt  - 


(1) 


where 


Cl 

Nd 

Hi 

N1 

Ll 

M, 


initial  supply. 

total  number  of  divisions  performing  airdrop 
total  number  of  items  per  division  per  drop, 
total  number  of  drops  per  division  per  year, 
total  non- combat  drop  life  of  item, 
total  years  non-combat  drop  use  of  item. 
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NOTE: 


Wrights-  and  possibly  cost  can  be  reduced  for  loads  under  8000 
pounds  in  Table  K  if  G-12  parachutes  are  used;  however,  perfor¬ 
mance  from  500  feet  altitude  is  marginal  and  one  size  parachute 
only  (48  feet  dia,  )  is  ideal  from  a  logistics  standpoint.  In  addit¬ 
ion,  rockets  could  be  used  for  loads  between  6000  and  8000  pounds 
with  a  resultant  weight  savings;  however,  a  cost  saving  can  be 
realized  with  parachute  only  in  reuse. 


TABLE  A 


ACTIVITY 

ACTIVITY 

TRAVEL 

TOTAL 

NUMBER 

TITLE 

MAN  WEEKS 

MAN  WEEKS 

100 

PROGRAM  MANAGEMENT 

p 

102 

200 

VENDOR  COORDINATION 

8 

64 

300 

ENGINEERING  DESIGN 
EFFORT 

4 

304 

400 

SYSTEM  TEST  PROGRAM 

40 

275 

500 

ENGINEERING 

DOCUMENTATION 

22 

258 

GRAND  TOTAL  MAN  WEEKS 

76 

1003 

TOTAL  COST  =  $798,  663 

(1969  rates 

including  fee 

Activity  100  includes  management,  scheduling,  and  controlling  all 
effort  on  Table  B. 

Activity  200  will  be  required  for  activities  300, 
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Activity  300  includes  all  SAEC  calculations,  design  and  shop  draw¬ 
ings. 

Activity  *100  includes  all  testing  at  SAEC  and  at  a  government 
facility,  by  SAEC  personnel. 

Activity  500  includes  drawings,  specifications,  manuals,  and 
reports  to  military  standards  for  hardware  designed  at  SAEC, 
coordination  of  vendor  documentation,  and  analysis  of  test  results 
and  data  at  a  Government  facility;  also  included  are  HFE  and 
training  criteria. 

Activity  5Q0  will  be  coordinated  with  the  aviation  command. 
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CJECT  SCHEDULE 


TABLE  C 


Items  Required  for  System  Prequalification  Testing 


ITEM 


QUANTITY 


$  COST 


1. 

Sensor,  Altitude 

6 

9, 000  * 

0 

Cable,  Signal 

10 

600  * 

3. 

Rocket  Pack  Assy. 

6 

10,  450  * 

4. 

Parachute  System 

15 

10, 500 

5. 

Mounting  Kit  -  Rocket  Motor 

31 

4, 636  * 

Total  Cos t  (With  Fees )  46,833 


6.  Rocket  Motor  (31  1  89  reloads)  120  63,  500 


Grand  Total  110,  333 

(1969  Rates ) 


NOTES: 

A.  This  Test  Program  consists  of  the  following  sample: 

(1)  5  Tethered  Rocket  Tests 

(a)  One  (4)  Rocket  Test 

(b)  Two  (8)  Rocket  Tests 

(c)  Two  (12)  Rocket  Tests 

(2)  6  Drop  Tests  at  SAEC 

(a)  Two  Pa  rachute-  Only  Tests 

(b)  Two  Inert  System  Tests 

(c)  Two  (2)  Rocket  Tests 

(3)  9  Drop  Tests  at  Government  Facility 

(a)  Three  (4)  Rocket  Tests 

(b)  Three  (8)  Rocket  Tests 

(c)  Three  (12)  Rocket  Tests 


151 


11.  Gobi  Items  marked  *  are  included  in  the  total,  but  sonic 
may  be  suitable  leftovers  from  the  individual  component 
development  and  qualification  phase. 

C.  All  items  are  assumed  to  be  purchased  by  Stencci  ex¬ 
cept  rocket  motors  which  are  assumed  to  be  G.F.E. 
h'encel  profit  and  administrative  costs  are  added  into 
total  for  items  l  through  5. 

f).  Cost  estimates  are  within  approximately  1  15  percent. 


TABLE  D 

Items  Requiring  Individual  Development  and  Qualification 

Design,  Dev.,  Tooling  Prototype  and 

PERT,  Qual.  Testing  Qual.  Test  Ildwe. 

Item _ (Non-Recurring  Costs) _ (Recurring  Costs) 


1.  Sensor,  Altitude 

2.  »' Cable,  Signal 

3.  frKocket  Pack  Assy. 

4 .  if  t  c*  c  liVi  t  c  S  y  .s  i  c  rn 

5.  #Roc.ket  Mount  Kit 


60,  600*1  98 00**+ 9000**’!'* 
200  ## 

13,  000***13300## 
a^nn***a  tnnnsu 

^  v  ^  c/  xv  II  II 

2400*** 


28,  100  (incl. 
20  units) 

800  (incl.  10 
units ) 

34,  8  35  (incl. 
20  units) 
16,000  ( i  iic  1 . 
20  systems) 
6,132  (incl.  41 
unit  s ) _ 


Total  (with  fees)  =  $255,109 

V  5 A  V 

Rocket  Motor  221 ,  048*127,  100***+ 

49, 800 


(incl.  41  roc¬ 
kets) 


Grand  Total  =  $553,057  (1969  Rates) 
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NOTES: 


1.  Recurring  Costs  arc  itemized  who  re  the  information  is 
avai.able  a-s  a  separate:  item 

2.  Cost  estimates  are  within  approximately  +  15  per  cent. 

3.  All  items  except  rocket  motors  (number  6)  are  assumed  to  be 
subcontracted  by  Slencel;  and  therefore,  total  cost  includes 
Stenccl  profit  and  administrative  costs  on  these  items. 

(Rocket  motors  are  assumed  to  be  G.  F.  E.  ) 


LEGEND: 


^Design  and  Development  Engineering 
’“'Finalize  Design 
Tooling 

^^Subcontract  for  Manufacturing  or  Qual.  environments 

#Items  wholly  designed  and  tested  at  SAEC,  the  labor  for  which 
is  included  in  Table  A. 

##Inst  rumen!  at  ion 


TABLE  E 


Summary  el  Estimated  Cost  for  Product  ion  Hems 

AVERAGE  HIGH  LOW 
UNIT  $COST  $C-OST 

ITEM  _ QUANTITY  $COST  EST.  EST.  REMARKS 


1. 

Sensor,  Altitude 

3000 

205 

236 

174 

7 

Cubic,  Signal 

3000 

40 

65 

32 

7  . 

R Oi  Ice t  Pack  Assy. 

300° 

1195 

1400 

875 

4. 

R  o  c  k  e  t  M  o  t  o  r 

5  340 

63  5** 

878** 

540 

26, 700 

56  5** 

781 

470 

5. 

Rocket  Motor  Reloads 

16, 020 

218** 

247h 

185 

30, 000 

169** 

191 

144 

ti. 

PiraihuU  System 

3,  914 

545 

594 

496 

7,  482 

514 

544 

484 

11,  223 

495 

510 

480 

7 . 

Rod' cl  Mounting  Kit 

5,  340 

83 

96 

65 

26,  700 

73 

85 

55 

I ik  l.itlei.  Iti'fc'ur ring  and  Non-Recurring  Costs 
*  :  Kst  it ni  i  !•  xi  Hides  ?9ti,  000  for  R,  D,  T,  &  E  (Northrop) 
f  KriiiniV  Includes  R,  D,  T,  &  E  (Atlantic  Research) 
tin  This  item  is  to  be  supplied  as  part  of  each  rocket. 


NOTE: 


1.  Rocket  pack  assemblies  (number  3)  and  rocket  mounting  kits 
(number  7)  are  prices  as  assembled  and  delivered  by  Stencei 
and  includes  Slcnccl  administrative  and  profit  costs.  It  is 
expected  that  the  average  cost  of  these  items  can  be  reduced  by 
value  engineering.  All  other  items  are  assumed  purchased  by 
gov >  r luncn.f . 

2.  Under  quantity,  upon  which  prices  are  based,  numbers  are  some¬ 
what  different  than  those  found  in  Table  K  for  all  items.  Quan- 
tilics  were  obtained  for  using  rockets  for  all  loads  down  to 


6340  pounds  rigged  weight;  however,  it.  is  possible  with  very 
little  change  in  minimum  drop  altitude  to  use  all  parachutes 
up  to  approximately  8000  pounds  with  a  resultant  reduction 
in  cost  per  drop  upon  reuse. 


TABLE  F 

Summary  of  Estimated  System  Development  Costs 


ACTIVITY 


COST 


SAEG  Program  (Table  A) 

System  Prequalification  Hardware  (Table  C) 
Subsystem  Development  (Table  D) 


$  798,  663 
110,  333 
653,  057 


$  1,462,053 


8.  3  Other  Cost  Considerations 


Test  Aircraft  Operation:  Test  aircraft  will  be  required  during 
the  test  programs  but  because  the  Lest  set  ups  are  not  exactly 
known  now,  only  general  informati  in  can  be  provided. 

As  mentioned  in  the  aircraft  utilization  section,  research  has 
produced  a  document  which  provides  data  based  on  .  similar 
s  tudy. 

The  results  of  the  study  will  be  useful  for  the  determination  of 
effectiveness  of  the-  Tit  A  DS  and  therefore  Die  following  specific 
contents  and  Tables  G  and  H  are  provided. 

AFFD  1  R- 66- 97  Study  of  Heavy  Equipment 

Aerial  Delivery  and  Retrieval 
Techniques. 

125-130,  247,  252,  256-301,  321-  336, 

349-354,  356-360 
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train 

3  Vvks.  then 

3  Wks. 

wh  i  I  e 


2  Instructors 

22  A.  D.  A.  £,  S.  Co.,  XXnd  Air¬ 
borne  Div,  ,  etc.  as  above. 

2  Tech  Reps  left  after  (raining. 


2  Instructors 


Duration 


Sequence 


Personnel 


3  Wks. 


then 


22A.D.A.E.S.  Co.,  Y Y nd  Air¬ 
borne  Div.  ,  etc.  as  above. 


3  Wks.  2  Tech  Reps  left  after  training. 

Using  the  Airborne  Division  Air  Equipment  Support  Company, 

82nd,  Airborne  Division  at  Fort  Bragg,  North  Carolina,  (TOE 
10-  337F,  Ref.  F.M  10-8  Chap.  5}  as  the  first  example,  we  can  see 
how  established  facilities  and  manpower  might  be  employed  in  the  ’ 

training  program. 

The  training  schedule  is  organized  in  such  a  way  that  minimum  \ 

numbers  of  personnel  may  promulgate  information  to  key  organiza¬ 
tion  personnel  whom  then  proceed  with  organizational  training  in 
the  way  designated  within  the  command. 

The  schedule  would  coincide  with  the  delivery  of  hardware,  j 

manuals,  training  aids,  and  other  equipment  essential  to  the  pro-  , 

gram.  s 

Two  lech  reps  would  remain  with  the  company  after  formal  train-  ’ 

ing,  and  the  two  instructors  would  then  repeat;  the  cycle  within  | 

another  organization,  then  the  two  tech  reps  would  transfer  there,  | 

and  so  on,  till  all  three  divisional  capabilities  had  been  started  j 

up. 


If  more  time  is  required,  that  would  easily  be  arranged. 

Realistically,  there  may  bo  scheduling  snafu’s  and  the  time  would 
protract,  but  the  estimated  schedule  is  realistic  if  other  aspects 
progress  satisfactorily. 
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8.  2 


The  cost  estimate  is  as  follows: 


Time  Time 

Manpower  ( v,  k  s  )  ( h  r  g  ) 


(2) Instructors  9  720 

(2)  Tech  Reps  9  720 


Subsistence  -  4(9}  -  36  weeks 
Travel  and  car  rental 

Manuals  (excluding  preparation): 

Quantity  required  •-  ( 26 /compa ny )  (3  compnnys)  =  78 

SAEC  -  10 

Other  =  12 


Approximate  total  for  training  only 
Assuming  $10  each,  100  (10)  $1,000.00 

Total  Cost  -  $35,440 
Tni  ning  Aids  : 

1  Rocket  Pack  Assembly  (complete) 

14  Rockets 

2  A  lliinelor  Systems 
8  Parachutes 

1  Lot  PRADS  miscellaneous  hardware 
1  Lm  16mm  films  and  still  phoios 

(The  above  materials  arc  left  over  from  the  testing  and  evalua¬ 
tion  phases,  and  precede  the  delivery  of  pi  eduction  systems) 

1  Lot  Charts 
1  Lot  displays 
1  Lot  prepared  films 

The  bulk  of  the  investment  of  the  above  items  is  constituted 
primarily  of  the  labor  cost  of  preparation  -  refer  to  Table  J 
for  manpower  costs. 
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Again  this  cost  is  in  terms  of  the  present  rates. 

Note  that  the  cost  of  revising  and  printing  the  rigging  manuals  is 
not  included.  Approximately  one-third  of  the  manual  pages  will 
require  some  revision. 

TABLE  J 

Estimate  of  Curriculum  Development  And  Material  Preparation 
Cost 


Total  Cost  =  $77,  428 
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(b)  Identification,  traceability,  documentation,  and  torins- 
Thc  requirements  for  these  activities  will  be  invoked  during  the 
production  program  but  only  tire  requirements  for  identification 
and  it  aceabilily  will  affect  cost.  Because  it  places  additional 
burden  on  the  equipment  suppliers  and  manufacturers,  the  cost 
should  accurately  be  determined  by  RFQ  for  a  special  end  item 
or  material.  This  appears  to  be  outside  the  scope  of  this 
analysis,  and  impractical  to  perform  at  this  time. 

The  cost  of  documentation  is  constituted  primarily  of  the  cost  of 
preparation.  Refer  to  Table  A  for  lumped  manpower  costs.  The 
cost  of  forms  and  all  other  manifestations  of  the  Federal  Supply 
System,  stock  number  assignment,  data  management  requirements, 
etc.  is  part  of  an  existing  capability  and  is  difficult  to  cost.  It 
is  suggested  that  because  the  capability  is  constantly  maintained, 
that  its  effect  on  cost  be  neglected. 

8.3.4  Cost  Comparison 

Estimates  of  cost  to  drop  a  load  for  each  load  weight  are  shown 
in  Table  M.  Figures  are  shown  for  combat  conditions  and  for 
training  or  resupply.  The  cost  of  PRADS  is  somewhat  higher 
than  the  present  system  in  combat  conditions  where  attrition  is 
high.  The  cost  of  PRADS  is  considerably  higher  for  training 
or  resupply.  Resupply  would  not  require  PRADS  necessarily, 
and  training  could  be  done  with  an  all  parachute  system  for 
lighter  loads  with  the  signal  system  for  checking  proficiency  of 
the  rigging  crew. 

8.3.5  Configuration  Comparison  -  PRADS  and  Conventional 
Svstrm 

-  j  _ 

Tables  N  0  summarize  basic  component  comparisons  [or  the 
airdrop  systems  currently  in  operation  and  the  prototype  PRADS. 
This  table  reflects  the  improved  volumetric  efficiency  of  costs 
of  the  two  systems.  This  table  is  valid  only  for  standard  day 
drop  zone  conditions. 
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TABLE  M 


COST  COMPARISON 
DOLLARS  PER  DROP 
PRADS  vs  PRESENT  STANDARD  SYSTEM 


G  r  o  s  s 

Wv.ght 

Pounds 


18, 000 
22, 000 
35, 000 
50, 000 


STANDARD  SYSTEM 

Unrigged 
W  l ight 
Pound  s 

Combat 

Conditions 

Combat 

Conditions 

Training 

or 

R  esupply 

17,000 

5800 

1900 

4700 

800 

20,  700 

6300 

O 

o 

rvi 

5400 

900 

33,  000 

8600 

3200 

7400 

1240 

47,  000 

11,  500 

4200 

9400 

1550 

8.  4  Manpower  Requirements 

Estimate  oi  work  measurement  standard  for  rigger  rolling,  layout, 
and  packing  of  PRADS  48  foot  diameter  parachute,  (two  man  team) 


Operation  Time 

N o. _ _ _ Dcsc  rip t ion _ (Minu tes ) 

I.  Carry  parachute  to  work  area,  remove  4.  29 

from  bag,  stretch  out  and  untangle 


2 


Rigger  roll  and  tag  for  maintenance 


7.  04 


TABLE  if  CORF  1 GUEATI GL  C0HPARI30 


8 


3. 

Carry  parachute  to  maintenance  storage 

0.  3  7 

Total  rigger  roll  cycle  time 

11.70 

PFD  allowance  (2.0°/) 

Time /rigger  rolled  para- 
chul  e 

2.  34* 

14.  04 

1. 

Carry  parachute  to  work  area,  re¬ 
move  from  bag,  stretch  out  and  un¬ 
tangle  lines 

4.  29 

2. 

Sort  lines  and  insert  tension  strap 

4.  00 

3. 

Apply  tension 

1.  91 

4. 

Tie  risers,  suspension  lines,  and 
canopy 

3.  23 

5. 

Get  bag  and  stow  canopy  in  bag 

2.  92 

6. 

Close  bag  and  tie  lines 

2,  00 

7. 

Make  4  lock  stows 

2.  87 

3. 

Malm  paper  -wrap 

l.  26 

9. 

Install  line  and  riser  retainer  tapes 

l.  85 

10. 

Make  "zig-zag"  stow  (lines  and  rise  rs) 

4.  16 

I 

I 

11. 

Pace  bag  cover  and  connect  bridle 
loop  to  risers 

3.  97 

'a 

■'« 

1 

12. 

Carry  parachute  to  storage  area 

0.  37 

si 

'.  .4 

Total  pack  cycle  lime 

32.  83 

I 

I 


PFD  allowance  (20%) 

6. 

57 

Time/Pa  rachute 

39. 

40 

Table  Time: 

39. 

40 

La  you!  and  Puck 
Rigger  Roll: 

14.  04  x  14.  3 -■  * 

"lOO 

Time  lor  Pack  of  48  ft.  dia,  cargo  pt  rachute  2 ,  01 

41.  41 


=  41,  41  =  0.  69  hrs . 

60 

=  0 .  o 9  (?)  -  1.38  Mar.  hrs, 

No,  of  parachutes  packed/team/hour  =  60  =  1.45 

41.  41 

No.  of  parachutes  packec/leam/hnur  -  Parachutes  packed/ 

No.  of  men/team  man/hour 

I.  45  =  0.  725  Parachutes  packed / ma n/hour 

2 

*  PFD  allowance  has  been  included  and  is  an  accepted  allowance 
in  time  study  to  account  for  personal  timer  loss  of  productive¬ 
ness  due  to  fatigue  and  unavoidable  delays  in  the  operational 

seOiicnr  e , 

i'!  Experienced  airborne  supply,  packing,  and  maintenance 
officers  at  Fort  Bragg,  North  Carolina,  were  consulted 
regarding  the  proportion  of  parachutes  rigger  rolled.  On 
the  bas;s  of  their  estimates,  the  proportion  established  for 
use  in  this  study  was  l  parachute  rigger  rolled  to  seven 
parachuted  packed  (14.  3%). 

Comparison  of  estimates  of  work  measurement  standards  for 
rigging  uf  loads,  refurbishment  of  units  and  rigger  rolling, 
layout,  and  packing  of  parachutes  follows. 
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KX1ST1NG  SYSTEM 


Item 

No. 

Rigging 

T  inie 

( m  a n- hours )* 

Pa  raeliut  v 

Reqls 

(G-llA) 

Pac  king 

Time 

(ma  n~  hou  r  s  ) ::'; 

Total 

*  man-hours 

2 

3.  3 

2 

5.  838 

9.  H8 

5 

2.  6 

3 

8.  757 

11.  357 

9 

8.  8 

6 

17.  514 

26.  314 

14 

CO 

o 

l** 

l.  8fa8 

2.668 

49.  5 

PK  ADS 


Rigging  Parachute 

Item  Time  Roqls 

No.  (man-hours  )Jf_  (48  ft ) _ 


=  Parachute  Refurb- 

Time  ishment  Total 

(man-hours)  (man- hr s  )//flman-hrs) 


2  4.4  8 

5  3.3  2 

9  11.  fa  3 

14  0.  8  3 


Notes : 


11. 

04 

15. 

44 

7 

.  76 

Z.  1 

8. 

16 

4. 

.  14 

3.  7 

19. 

44 

4. 

.  14 

4. 

94 

47.  7 


*  Ref.  ST10-5U1-  l-l  Table  IX  Rigging  Factors 

Ref.  ST10-5U1-1-1  Annex  13  (2.919  man-hours/G-llA) 

"•*  G-12D  -  .  fa4  (2.  4)9)  =  1.  868  man-hours /G-  1  21) 

ii  Ref.  Table  M  £>  P.  26  (1,  38  man-hours /48  ft.  parachute) 
•i  #  Ref.  Table  N  using  item  A,  13,  C  and  G 
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EQUIPMENT  AND  TOOL 
FORECAST 

Much  work  remains  io  be  done  during  subsequent  development 
phases,  among  which  will  be  Ground  Support  Equipment  and 
S  pn res. 

The  following  is  a  list,  of  new-  material  which  will  be  required, 
and  it  is  as  yet  undetermined  whether  these  items  will  be  avail¬ 
able  at  that  time  or  whether  they  must  be  provided,  and  at  what 
cost,  because  depending  on  the  methods,  sources,  and  quan¬ 
tities,  the  cost  may  vary  considerably.  These  items,  how¬ 
ever,  may  not  constitute  a  large  total  or  relative  investment. 


ITEM 


METHOD 


Nz  Source,  2000  PSI 
with  all  plumbing, 
gauges,  etc. 

Batteries,  Altitude  Sensor 
22.  5  &  45  volts 
(0°F  to  12  5°F): 

( -  65°F  to  0°F): 


Bottles , 

Air  Compressor 
k  dryer  or  both 


Ca  rbon/zinc 
Thermal 


Optical  Range, 
Altitude  Sensor 


Tester,  Signal  Cable 


Compact  Mirror 
Type  Instrument 
or  Cons  t  ruct  ed 
Bench  Type 

Special  plug-in  type 
instruments  or 
rnultimete  r 
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9.  0  CONCLUSIONS  AND  RECOMMENDATIONS 

From  the  test  ;  and  studio  performed  l lie'  follow  ing  conclusions 
and  recommendations  a  i\  made. 

9 .  1  Syslrm  .Advantages 

The  Pl<  ADS  is  a  low  altitude  airdrop  system  capable  of  delivering 
loads  up  to  35,000  pounds  from  50  '  feet  absolute  altitude.  Improved 
drop  accuracy  and  lack  of  signature  characteristic  result  from  the 
low  altitudes  possible  for  successful  airdrop.  In  addition,  (his  low 
altitude  reduces  the  probability  of  radar  detection  as  well  as  the 
distance  fiom  which  the  aircraft  can  he  spotted  by  ground  observers. 

PLAIDS  is  comparable  in  cost  to  the  existing  airdrop  system  under 
combat  conditions  where  attrition  is  high.  In  a  training  situation, 
however,  PRA.DS  is  more  expensive  than  the  existing  airdrop  system. 
The  weight  of  PH  ADS  is  somewhat  less  than  the  existing  airdrop 
system  for  the  entire  range  of  80  0  0  to  35,  000  pounds  where  rockets 
am.:  to  be  used.  The  PR  ADS  capability  can  be  extended  to  airdrop 
50, 000  pound  loads. 

The  reliability  of  PRADS  is  as  good  as  or  better  than  the  existing 
airdrop  system  for  achieving  successful  airdrop  and  will  be  much 
greater  unde  r  combat  conditions  where  reliability  of  the  LoLal  opera¬ 
tion  is  considered  when  the  airdrop  is  made  into  defended  hostile 
areas. 

9.  ?.  Future  Development 

It  is  strongly  recommended  that  PRADS  bo  further  developed  and 
qualif  ed  for  the  heavie  r  loads  in  the  weight  range  of  12,000  to  35,  000 
pounds  gross  rigged  weight.  The  logical  life  cycle  steps  would  inc'ude 
advanced  development,  engineering  development,  production  and 
operation.  The  system  would  include  the  proposed  rockets,  ground 
sensing  system,  parachutes  ar.d  rocket  pack. 
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It  is  also  recommended  that  the  PRADS  capability  be  extended  to 
50,000  pounds  through  the  development  of  64  foot  diameter  para¬ 
chutes  with  inflation  aids.  All  hardware  of  the  PRADS  including 
the  rocket  pack  would  be  useable  without  additional  changes. 

It  is  recommended  that  PR  ADS  be  further  developed  for  the  recovery 
of  fragile  loads  at  very  low  impact  velocities  and  for  the  recovery 
of  helicopter  fuselages  and/or  VIP  aircraft  passenger  compartments. 

Both  in  the  airdrop  of  material  and  in  the  recovery  of  ejectable 
capsules  or  inhabited  fuselage  sections,  it  appears  that  PRADS  not 
only  holds  the  greatest  possibility  of  state-of-arl  advancement  but 
also  is  the  key  to  continued  technological  leadership  of  the  United 
States. 

9 .  3  PRADS  Components 

The  rocket  motors  in  their  present  configuration  are  highly  reliable. 
Ail  rockets  fired  successfully  out  of  the  last  176  used  after  improved 
quality  control  procedures  were  instituted  and  reinforced  nozzles 
were  incorporated  in  the  majority  of  the  motors. 

The  proposed  rocket  motors,  delivering  approximately  three  times 
tin  total  impulse  of  the  tested  motors,  will  reduce  cost  and  will 
eliminate  flame  impingement  problems.  The  size  is  optimum  for 
loads  of  approximately  8000  pounds  to  35,000  pounds  gross  rigged 
weight.  Suspension  sling  force  overshoot  will  be  controlled  by 
slightly  slower  rocket  pressure  build-up  and  somewhat  progressive 
burning. 

It  is  concluded  that  the  crossed  beam  laser  ground  sensing  system 
for  rocket  ignition  is  optimum  because  it  is  expected  to  be  consider¬ 
ably  less  expensive,  easier  to  refurbish,  simpler  to  maintain  and 
more  consistanl  in  performance.  No  special  handling  of  the  crossed 
beam  laser  ground  sensing  systems  should  be  required.  Reliability 
is  expected  to  be  high  because  of  a)  inherent  simplicity,  b)  solid 
state  circuitry,  c)  a  built-in  check  circuit  and  d)  easily  checked  and 
adjusted  accuracy  of  signal  distance  above  the  ground.  No  accidental 
firing  of  rockets  can  occur  because  of  interference  of  one  ioad  with 
another  as  long  as  aircraft  fly  normal  airdrop  patterns  and  delivery 
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passes  are  separated  by  at  least  15  second  to  allow  time  for  the  para¬ 
chutes  to  float  to  the  ground  and  collapse. 

The  parachutes  used  in  the  tests  performed  had  solid  flat  circular 
canopy  designs  however  it  is  proposed  that  slotted  parachutes  (disk- 
pap-band  design)  be  used  for  the  final  system  for  reduced  suspension 
sling  forces  and  improved  cluster  inflation  performance.  The  para¬ 
chute  weight  is  estimated  as  100  to  110  pounds  which  compares  to 
approximately  125  pounds  for  a  packed  G-12  parachute. 

9.  4  System  Reliability  and  Accuracy 

Rased  upon  tests  and  analyses  performed,  it.  is  concluded  that  the 
fully  engineered  and  developed  system  will  be  at  least  as  reliable 
as  the  existing  system.  This  conclusion  is  based  upon  the  following: 
a)  no  more  time  will  be  required  to  rig  PR  ADS  than  the  present  sys¬ 
tem;  b)  rocket  motors  will  be  factory  refurbished,  c)  the  ground  sens¬ 
ing  system  circuitry  can  be  checked  in  place;  d)  other  critical  part's 
will  be  simple  to  maintain,  assemble  and  check;  e)  parachutes  will 
not  be  marginal  for  larger  loads  and  will  not  require  reefing;  and  f) 
no  load  disconnects  will  be  required  (8000  to  35,000  pound  loads 
with  relrorockcts). 

Airdrop  accuracy  is  improved  by  the  lower  altitude  required  for 
airdrop  and  the  much  higher  descent  velocity  of  the  load  under  inflated 
parachutes.  It  is  concluded  that  the  best  airdrop  accuracy  of  the 
existing  system  under  average  wind  conditions  can  be  equaled  by 
PR  ADS  even  from  altitudes  as  high  as  3000  or  4000  feet.  Thus, 

PR  ADS  is  very  versatile  and  is  suitable  for  use  in  any  type  terrain 
and  against  many  different  defenses. 

y.  5  Minimum  Cost  Training 

It  is  concluded  that  the  majority  of  the  training  drops  of  PRADS  could 
be  made  with  additional  parachutes  and  using  dummy  rocket  motors 
from  slightly  increased  airdrop  altitudes.  All  system  component 
func  tioning  could  be  fully  checked  by  having  the  ground  sensing  sytein 
ignite  a  visible  signal  (smoke  bomb  or  flash  bulbs).  The  major 
training  cut i  is  thereby  eliminated  and  training  costs  occome 
comparable  to  those  of  any  other  airdrop  system. 
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SCnKE  MODEL  ROCKET  TESTING) 

DatunitMil  Nd.  67409-005 

1 .  0  II v  T R ODUCTION 

The.  ]> ropes ed  design  fur  the-  Parachute  RelroRocket  Airdrop  Sys¬ 
tem  ineLudes  the  use  of  solid  propellant,  canted  nozzle,  fast  burn¬ 
ing.  high  pressure  rockets,  which  require  an  investigation  of 
the  heat  and  blast  effects  of  the  exhaust  plumes. 

2.  0  OBJECTIVES 

Because  of  the  fragility  of  airdropped  structures,  it  must  be  known 
what  :,ic  reaction  of  the  recovered  load  is  to  the  near  field  effects 
of  the  ntrurocket  exhaust  plumes. 

Research  and  experience  with  similar  systems  predicts  that 
certain  heal  transfer  mechanisms  limit  radiative  thermal  effects 
for  the  0.  5  second  burn  time  of  the  rockets  so  we  arc  principally 
interested  in  the  possible  effects  of  plume  or  hoi  gas  impingement 
and  plume  flow  patterns. 

3 .  0  PURPOSE 

The  results  of  the  tests  should  provide  correlation  with  full  scale 
tests  already  performed  with  exploratory  hardware,  and  sufficient 
information  to  predict  the  environment  created  by  the  reti  crockets 
associated  with  a  proposed  new  configuration. 

4.  0  BACKGROUND 

Experiments  at  SAEC  have  shown  that  dependable  results  are  ob¬ 
tained  with  1/20  scale  models  using  compressed  nitrogen  gas 
provided  that  care  is  exercised  to  control  configuration  and  per¬ 
formance  parameters  and  to  properly  apply  simularily  factors 
and  interpret  the  results.  Scale  model  testing  to  develop  environ¬ 
mental  data  and  duplicate  effects  created  by  exhaust  gases  of 
solid  rocket  motors  (SRM's)  is  very  practical,  economical  and 
productive;  and  sufficient  confidence  in  the  results  derived  with 
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scale  models  is  held,  b  cause  c ros s - c or rela I  ion  has  been  validated 
between  full  scale  results  and  scale  model  results. 

The  basic  characteristics  ui'SRM's  that  influence  the  environment 
created  by  exhaust  plumes  are  chamber  temperature  and  pressure, 
mass  flow,  expansion  ratio,  propellant  chemical  composition, 
and  burn  time.  Propellant  composition  primarily  influences 
temperature,  pressure,  and  mass  flow  which  are  the  major  con¬ 
tributors  to  the  plume  environment  and  effects. 

The  chemical  products  in  the  exhaust  ai-e  influenced  by  pro¬ 
pellant  composition,  and  are  also  an  important  consideration, 
particularly  with  respect  to  rad'ated  thermal  energy. 

Simulation  of  actual  rocket  plumes  with  scale  model  nozzles  can 
be  accomplished  easily  if  a  set  of  similarity  laws  are  available. 

Eight  parameters  are  defined,  (9.  0  D)  each  one  of  which  allows 
duplication  of  one  of  the  following  plume  characteristics:  Shape, 
transmitted  shock  position,  mass  flow,  momentum,  enthalpy, 
thrust,  kinetic  energy  anci  internal  energy.  However,  these  parameters 
are  functions  of  two  thermodynamic  properties  -  ratio  of  specific 
heats  (  f)  and  jet  exit  temperature  parameter  (RTj);  and  two  nozzle 
characteristics  -  jet  exit  Mach  number  (Mj)  and  nozzle  exit 
area  (Ay).  Obviously,  exact  simulation  requires  that  all  eight 
parameters  be  duplicated.  However,  it  is  equally  obvious  that 
a  maximum  of  four  may  be  duplicated  with  the  four  variables.  The 
four  plume  characteristics  of  most  importance  to  this  program  arc 
then:  shape,  transmitted  shock  position,  mass  flow,  and  momentum. 

This  particular  testing  program  used  compressed  nitrogen  gas  as 
the  model  rocket  flowing  medium  and  a  1/20  scale  mode.  Thir 
means  that  both  ff  and  the  gas  constant  R  cannot  vary;  therefore, 
at  least  one  more  plume  characteristic  cannot  be  duplicated.  The 
model  jei  exit  temperature  required  to  simulate  full  scale  mass 
flow  approaches  absolute  zero.  To  satisfy  the  jet  momentum  para¬ 
meter,  the  model  nozzle  exit  area  approaches  the  lull  scale  val  le. 

The  parameters  for  simulating  plume  shape  auu  transmitted  shock 
position  are  both  primarily  a  function  of  jet  exit  Mach  number  and 
as  such,  both  cannot  be  simulated  at  the  same  time.  However, 


il  '  model  rocket  is  tested  at  freest  ream  conditions,  matched  w  1 : 1 1 
itu  fall  siali'  rotki’l,  and  both  plumes  have  the  same  exit  pressure 
tu  plume  boundary  pressure  ratio  (F  /Pao)  both  plume  shape  and 
transmitted  shock  position  parameters  are  equal  to: 

2  Z  -1/2 

Ivl  <1  M  )  (D 

J  J 

Th'-relure,  a  diflerenl  model  nozzle  is  required  for  each  para¬ 
metric  lest  condition  so  that  Pj/Po©  may  be  matched. 

Before  simulation,  the  actual  plume  shape  must  be  known.  Cal¬ 
culating  this  shape  can  become  extremely  difficult  since  the  exact 
chemical  composition  of  the  propellant  gases  arc  not  known  at 
each  point  in  the  flow.  These  gases  can  be  considered  thermally 
perfect  if  we  assume  that  the  effects,  on  intc  r  mol  ecula  v  forces, 
of  the  high  gas  pressure  are  offset  by  the  effects  of  the  high  gas 
temperatures.  The  gases  are  not  calorical.lv  perfect,  however. 


To  prevent  the  problem  from  becoming  prohibitively  complex, 
calculate  an  artificial  value  for  by  simultaneously  solving  the 
following  equations: 


n_ti _ ; 

2  +  ( y  -i)  m 


2 


y  +i 

2 ( r-D  Mj 


(2) 


where  Pj/pc  is  an  experimentally  determined  rocket  exit  to 
chamber  pressure  ratio  and  A./A^  is  the  nozzle  area  ratio. 


Using  the  calculated  value  for  ,  the  propellant  gases  can  be 
treated  as  calorically  perfect  even  though  this  value  for  is 
strictly  valid  only  at  the  noz  de  exit,  and  for  pressure  and  Mach 
number  calculations  only. 
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Iht;  flow  is  expanded  from  the  nozzle  exit  conditions  by  the  method 
ni  characteristics  lui  three  -  dimens  ional,  asymmetrical  flow 
def  ' ning  a  plume  shape  fur  each  test  parameter. 

When  a  model  nozzle  exit  diameter  is  arbitrarily  established,  an 
expansion  ratio  is  required  to  provide  the  proper  exit  Mach  number 
to  satisfy  relation  (1)  for  each  test  condition.  A  value  of  expan¬ 
sion  ratio  is  used  to  calculate  the  model  nozzle  divergency  angle 
which  in  turn  establishes  the  model  nozzle  exit  Mach  number.  The 
method  of  characteristics  is  again  applied  and  the  actual  plume 
shapes  can  be  duplicated,  by  adjusting  the  model  nozzle  chamber 
pressure. 

With  all  the  variables  to  correlate  and  with  the  problems  associated 
with  the  accurate  duplication  of  jet  exit  Mach  number  and  expan¬ 
sion  ratio,  a  simpler  modified  method  was  devised  to  simulate 
plume  shape  within  useful  accuracy. 

The  full  scale  expansion  ratio  was  utilized  in  the  model,  along 
with  the  same  nozzle  divergency  angle,  requiring  an  adjustment 
of  the  chamber  pressure. 


Expansion  ratio  effects  were  not  evaluated  by  scale  model  tests 
but  the  results  of  underexpansion  or  overexpansion  can  be  con¬ 
servatively  extrapolated  from  ideal  expansion  data. 


In  order  to  determine  the  effects  of  varying  chamber  pressure, 
Figure  l  shows  the  trends  established  when  the  ratio  of  jet  exit 
pressure  to  ambient  pressure  is  plotted  with  respect  to  the 
initial  turning  angle, c*-n,  of  the  plume  boundary  for  a  series  cf 
jet  exit  Mach  numbers.  The  referenced  work  was  performed  in  a 
vacuum  chamber  at  0.  0014  lb/ft^  (corresponding  to  about  312,  000 
ft.  altitude)  using  air  as  the  medium. 


The  radios  of  total  pressure  to  ambient  pressure  were  22  x  10 
17  x  10  ,  ant  15.  5  x  10  for  Mach  number  l,  3,  and  5  nozzles 


x  MJ  ,  a  n< 
respectively. 


the  corresponding 
were  1.  2  x  l C ,  4.  9  x  10^,  and  3.  2  x  10- 


It';'  rang.-  of  ilia  n  ill*  >'  prcssi!!  c  varied  iium  2i.  c  x  10  '  to  /it. 

A 1  j |.)  30.7  x  U/J  lb  /ft  ~  Ati.s. 

Tlu'  unglvcx  n  represents  an  iscntropic  exp.ans  ion  angle  with  no 
corrections  tor  no/./, to  losses  or  condensation  effects,  and  depends 
on  the  correlation  of  nozzle  exit  angle,  exit  Mach  number,  ratio 
of  specific  heats,  and  ambient  pressure.  Note  that  the  magnitudes 
of  impingement  parameters  may  hr  reduced  by  increasing  the 
exit  Mach  number  or  by  decreasing  the  jet  flow  turning  angle. 

Figure  2  lists  the  characteristics  of  the  three  nozzles  represent¬ 
ed  t  n  Figure  i 

The  tests  represented  by  Figure  1  indicate  that  the  parametric 
impingement  pressure  distribution  peaks  approximately  at.  the  jet 
boundary  station  and  ialLs  off  rapidly  after  that.  This  relation¬ 
ship  to  establishes  the  approximate  departure  shape  of  the 
plume  away  from  the  nozzle,  and  if  the  actual  plume  boundary 
varies  with  Pj/.Poo  as  defined  in  (l)  the  plume  boundary  or  shape 
is  also  established  by  Mj  and,  therefore,  becomes  the  critical 
simulation  parameter. 

This  still  necessitates  the  examination  of  the  effects  of  adjusting 
the  model  chamber  pressure  for  the  arbitrarily  established 
nozzle  configuration  as  defined  by  proportional  scaling  of  linear 
dimensions  of  the  nozzles. 

The  effects  of  time  must  now  be  considered,  becau.se  some  nozzle 
configurations  and  groups  of  nozzles  operating  in  each  other's 
near  field  will  interact,  or  are  otherwise  sensitive  to  entrain¬ 
ment  effects  in  the  atmosphere. 

Neglect  of  these  effects  can  negate  analytical  results  and  may 
present  undesirable  surprises.  For  example,  when  only  some 
initial  conditions  are  examined  at  steady  state,  without  considera¬ 
tion  of  the  previous  dynamic  history  of  operation  of  out'  or  more 
nozzles,  and  without  scrutiny  of  the  interaction  with,  one  another 
or  the  tola;  environment  with  respect  to  time,  the  effects  of  the 
onset  of  and  progression  of  entrained  flow  will  be  overlooked. 
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rili+  angle  .Jet  boundary 


Jn  the  r  •>  of  this  particular  investigation,  full  scale  sialic  and 
dynamic  tests  with  exploratory  l’RADS  configuration  displayed 
a  phenomenon  involving  Bernoulli's  principle  associated  with 
the  operation  of  a  close  packed  group  of  canted  nozzle  rockets 
arranged  in  two  staggered  circles  in  each  tandem  group. 

The  combined  effects  due  to  high  atmospheric  pumping  efficiency 
of  entrained  air  and  Bernoulli's  effect  resulted  in  the  convergence 
of  =11  the  plumes  into  one  large  plume  with  devastating  results 
to  equipment  and  materials  located  within  the  area  aft  of  the  noz¬ 
zles. 

Discovery  of  the  magnitude  of  the  effects  contributed  to  a  re¬ 
design  of  and  a  scale  model  verification  test  program  for  the  re¬ 
design,  as  well  as  scale  model  duplication  of  the  phenomenon 
associated  with  the  offending  configuration. 

Experience  with  the  exploratory  configuration  indicated  a  need 
to  determine  the  extent  of  interaction  between  the  nozzles  of  the 
new  configuration  using  up  to  twelve  rockets,  which  are  three 
times  as  large,  arranged  in  a  circle  in  only  one  rocket  pack. 

No  such  problem  was  found  to  be  associated  uith  the  new  con¬ 
figuration  herein  analysed.  However,  the  same  phenomenon  is 
associated  with  an  individual  plume  to  some  extent  when  operated 
i.  a  fluid,  or  in  the  atmosphere. 

Apparently,  given  sufficient  time,  and  combined  with  the  tendency 
for  relatively  hot  exhaust  gases  to  contract  due  to  cooling,  and 
the  onset  and  progression  of  pumping  action,  plus  differential 
plume  and  plume  boundary  velocities  resulting  in  differential 
internal  and  external  plume  pressures,  result  in  convergence 
of  the  actual  plume(s). 

Consideration  of  the  above,  by  various  methods,  now  enable  the 
evaluation  of  the  effects  of  adjusting  or  varying  chamber  pressure 
of  the  subject  model. 


184 


Since  the  primary  rllrtls  parameters  winch  cr.tnhlish  plum ■  ■  c mi 
figuration  are  governed  by  Ileal  and  pressure,  and  with  considera¬ 
tion  ol  oilier  etiecls,  uc  qr.ul  1 1  a '  iv  el  y  expect  the  plume  envelopes 
obtained  with  the  model  to  be  conservatively  larger  and  fuller  than 
expected  as  cold  gas  is  used,  opera!  ion  time  is  longer  than  real, 
and  operation  is  m  frecstream  under  quiescent,  incompressible 
(low  sub:  onie  )  conditions. 

5.  0  TEST  CONFIGURATION  AND  APPARATUS 

Design  of  the  full  scale  rocket  resulted  in  the  selection  of  HEX- 12 
as  the  propellant  (9.0  A;  in  order  to  minimize  size,  weight,  and 
for  its  clean  exhaust. 

HEX- 12  is  a  double-bate,  solventless  extruded  propellant  which 
delivers  little  smoke  traces  of  toxic  products  anu  no  corrosive 
materials  or  solid  particles.  The  exhaust  is  essentially  gaseous 
with  vaporized  liquids,  which  minimizes  incandescence  and 
therefore  radiation 

5 .  1  II  lus  trations 

Figure  3  is  a  sketch  of  the  1/20  scale  model  of  the  exploratory 
configuration,  and  simulates  the  tandem  rocket  packs,  and  the 
arrangement  of  the  individual  rocket  nozzles. 

Figure  -1  is  a  sketch  of  the  1/20  scale  mode!  of  the  proposed  new 
configuration  with  twelve  rockets  arranged  in  a  single  circle 
on  one  rocket  pack. 

Figure  5  shows  the  flow  pattern  obtained  with  the  tandem  con¬ 
figuration  at  100  PSIG  chamber  pressure. 

Figure  6  shows  the  flow  pattern  obtained  with  the  new  con¬ 
figuration  ai  100  PSIG  chamber  pressure. 

5 .  2  Instrumentation  and  Equipment 

Hewlett-Packard  Electronic  Digital  Counter 

Model  5246D  Scr.  No.  816-01542 
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1/20  SCALE  MODEL  TEST  HARDWARE  (DOUBLE  ROCKET  PACK  ASSY} 
Figure  3 
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1/20  SCALE  MODEL  TESTS  NOL7  LIT  (PROPOSED  CONFIGURATION) 


PIG-RE  5 


FLOW  PATTERN  -  TANDFM  CONFIGURATION 
1  88 


1  ff 


Hewlett-Packard 
Model  5265A 

SA  EC 


B-L-H 

Type  Ul-IK 

Macarco 

Model  J4000 

Maca  rco 

P/N  4797M14 

Toledo 


Other  Equipment 


Digital  Voltmeter  (plug  in) 
Ser.  No.  514-01600 

Dual  Channel  D.  C.  Amplifie 
Ser.  No.  2 

Load  Cell  (0-1000  lb.  ) 

Ser.  No.  48684 

Pressure  Gauge  (0-400  PSIG) 

Micrometer  Valve  (.  5  IPS) 

Scale  Weights 


Tank  Farm  -  3  tanka  @  2000  PSIG 
Miscellaneous  Flexible  hoses,  fittings,  and  valves 


5 .  3  Procedure 

5.  3.  1  All  instruments  were  individually  calibrated,  and 

calibration  charts  were  prepared. 

5.  3.  2  The  sprung  hardware  was  weighed  individually, 

and  in  place  on  the  test  fixture  with  all  the  gear  in  place,  using 
the  load  cell,  in  order  to  obtain  correction  data  for  thrust  deter¬ 
mination  for  the  two  configurations. 

5.  3.  3  Tests  were  performed  to  obtain  correlation  between 

indicated  chamber  pressure  and  measured  thrust,  for  the  two 
configura'  ions. 

5.  3.  4  Tests  were  performed  at  chamber  pressures  of  23 

PSIG,  50  PSIG,  100  PSIG,  150  PSIG,  and  200  PS1G  to  determine 
the  effects  of  varying  chamber  pressure  on  the  two  configurations, 
to  obtain  oil  smear  photographs  of  the  plume  \  patterns,  and 

to  compare  the  performances  of  the  two  cor  ations. 

6.  0  SUMMARY  OF  RESULTS 

The  technique  employed  graphically  shows  plume  configurations, 
satisfactory  simulation  of  the  full  scale  tandem  phenomenon, 
and  the  gross  difference  in  performance  between  the  two  con¬ 
figurations. 

Variation  of  chamber  pressure  of  a  configuration  made  only  a 
small  difference  in  ‘he  near  field  flow  pattern  of  the  collective 
jet  boundary,  and  was  manifested  as  an  increase  of  c<,  n  for  the 
single  rocket  pack  configuration,  and  as  a  decrease  ofcxtn  fer  the 


Because  good  simulation  and  cross  correlation  was  obtained  for 
the  tandem  configuration,  and  the  performance  of  the  new  single 
rocket  pack  appeared  to  be  sufficient  preview.'  of  what  to  expect 
at  full  scale,  testing  was  not  carried  further. 
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CONCLUSIONS 


7.  0 


The  tests  indicate  no  significant  tendency  for  the  plumes  of  the 
single  rocket  pack  configuration  tested  to  converge  together 
in  a  deleterious  fashion. 

To  avoid  convergency  problems,  the  ways  in  which  combinations 
of  chamber  pressure,  expansion  ratio,  operation  time,  nozzl*- 
arrangement,  nozzle  distribution,  and  number  of  nozzles,  must 
be  scrutinized  for  possible  mutual  plume  interference  or 
impingement,  or  other  characteristics  which  enhance  atmospheric 
diffusion  pumping  efficiency  when  used  in  groups  or  clusters. 

The  obviously  simple  combination  of  techniques  adopted  for  this 
test  series  gives  satisfactory  results  where  refined  data  is 
not  required,  and  large  order  differences  are  expected  between 
two  or  more  parametric  test  conditions. 

8.  0  RECOMMENDA1  IONS 

The  full  scale  configuration  for  the  proposed  new  design  rocket  \ 

pack  should  provide  for  the  largest  rocket  centerline  mounting 
circle  diameter  practicable,  (presently  30.  0"). 

Geometric  porosity  thru  the  core  of  the  rocket  pack  may  be 
beneficial. 

A  reduction  of  thrust  with  a  proportionate  increase  of  burn  time 
would  further  reduce  heat  and  blast  problems. 
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APPENDIX  b 
Static  Rocket  Testing 
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1  n 

Static  r.ii  krl  tests  wore  conducted  on  a  sialic  lest  lower  located 
at  lh'-  Stcneel  plant  facilities,  Asheville,  North  Carolina.  A  dia¬ 
gram  oi  the  low  it  and  a  typical  tost  setup  is  show  t.  in  Figure  l  •  l. 

Four  tests  were  performed  with  different  numbers  of  rocket  mot¬ 
ors  to  determine  component  structural  integrity  and  system 
stability.  A  summary  of  test  conditions  is  found  in  Table  1-1. 

Tests  were  made  with  a  small  rocket  pack,  Stencel  Dwg.  SK48- 
001- 0UI-1,  or  one  or  two  large  rocket  pucka,  Stencel  Dug. 

SK48-  022- 00i  - 1 .  The  rocket  motors  were  Northrop  Carolina 
Dwg.  SK2000-1001  with  a  nominal  thrust  of  5100  j  umds,  a  nominal 
impulse  of  2540  pound-sec.,  and  a  nozzle  angle  of  35  degrees  from 
the  vertical.  The  nominal  vertical  thrust  was  4180  pounds.  A 
platform  was  free  to  pivot  at  its  center.  The  platform  simulated  a 
load  and  weights  were  added  to  simulate  loads  with  different  mom¬ 
ents  of  inertia.  Slings  were  attached  from  the  "load"  to  the  rocket 
pack  with  strain  gages  to  measure  forces. 

The  rocket  pack  was  pretensioned  by  means  of  a  wi  nch,  a  cable 
and  a  hook  connected  to  the  rocket  pack  by  means  of  loops  of  6000 
pound  tensile  strength  cord.  A  bypass  support  of  two  slings  of 
three  loop  Type  X  webbing  was  used  lo  support  the  rocket  pack 
after  racket  burnout. 

On  initial  rocket  burning,  these  loops  were  severed  by  means  of 
elcctrobal’islic  line  cullers  which  were  activated  by  heat  sensing 
nncroswitc.h  circuitry.  A  bypass  support  of  8  ft.  long  slings 
constructed  of  M1L-W-4088,  Type  X,  8700  lb.  nylon  webbing  was 
provided  to  support  the  rocket  pack  after  rocket  burn  out. 

Rocket  Pack  ignition  was  accomplished  by  porting  compressed 
nitrogen  gas  (1800  PSI)  to  the  rocket  initiator  by  means  of  the 
rocket  valve  assembly.  The  rocket  valve  assembly  was  activated 
by  means  of  the  standard  Mark  1  electrically  fired  squib.  A  flash 
bulb  was  provided  for  a  visual  indication  of  initiation.  The 
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initiation  impulse  \Va5  recorded  cleCiilcaiLy  on  i  n  e  use i i'l^^ i'3[)ii, 

A  consolidated  Electro  Dynamics  Corporation  Model  5116  record¬ 
ing  oscillograph  was  used  to  record  the  output  of  the  load  cells. 
Cameras  activated  remotely  by  electrical  signals  were  used  to 
record  the  test  photographically.  Two  cameras  viewed  the  load 
from  the  side  to  show  pitch  and  two  viewed  from  the  end  to  show 
roll. 

2.  0  TEST  SUMMARY 

The  following  is  a  test  by  lest  summary  of  the  static  rochet  tests. 
Test  conditions  are  tabulated  in  Table  1-1. 


Test  No. 


2.  1 

183  1 

Type  of  Ter  ting: 

PRADS  Static  Rocket  Test 
Date  of  Testing: 

20  January  1968 

Number  of  Rockets  Tested: 

18 


Purpose  ol'  Testing: 

The  purpose  of  this  test  was  twofold.  The  lirst  purpose  was  to 
assure  the  structural  integrity  of  the  system  slings,  webbings, 
rocket  pack,  etc.  The  second  purpose  was  to  ascertain  system 
stability  and  component  function. 

Test  Procedure: 


Eighteen  rockets  were  mounted  into  the  large  load  range  rocket 
pack.  The  weight  of  the  rocket  pack  installation  including  the 
rocket  valve  assemblies  and  the  loaded  rockets  was  1354  lbs. 

The:  test  installation  was  as  shown  in  Figure  11.  The  weight  of  the 
load  was  17,  190  lbs.  The  moment  of  inertia  was  11,  000  slug-ft.  ^  in 
the  pitch  plane  and  3,  000  plug- ft.  ^  in  the  roll  plane.  The  load  was 
supported  by  means  of  two  three-loop  slings  of  MIL-W-4088,  Tyrpe 
X,  8700  lb.  nylon  webbing  at  each  corner.  These  slings  were 
covered  with  the  Stencel  SK409-020-1  sleeve  which  was  constructed 
of  cotton  cloth.  These  slings  were  18  ft.  long.  An  additional  20.  5 
inches  was  added  to  their  length  by  the  clevis  and  load  cell  linkages 
mounted  to  the  load  at  each  corner.  The  load  cells  were  120,000  lb. 
capacity  strain  gauge  type  units  provided  and  calibrated  by  the  USAF 
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Obllth  Test  Group.  The  load  was  supported  in  an  initially  level 
position. 

These  slings  were  attached  to  the  connector  of  the  rocket  [jack.  The 
rocket  pack  was  supported  with  an  initial  offset  of  3  1/4  degrees. 

Ambient  temperature  at  the  time  of  the  test  was  51°F. 

Test  1<  c  s ult  s  : 


The  rocket  nozzle  on  rocket  motor,  serial  number  244,  was  blown 
from  the  rocket  as  the  result  of  rocket  nozzle  failure  at  the  point 
of  radius  on  the  rocket  nozzle  retaining  groove.  The  serial  num¬ 
ber  of  this  nozzle  was  No.  61.  As  a  result  of  this  nozzle  failing, 
stability  in  inis  test  whiLe  not  completely  unacceptable  was  definitely 
marginal.  In  addition,  one  rocket  motor  failed  to  fire  as  a  result 
of  two  damaged  primers. 


Data  from  this  test  was  as  follows: 
Film 

TQ  to  rocket  fire 
TQ  to  rocket  burnout 
Rocket  fire  to  burnout 


.  02  sec. 
.58  sec. 
.  56  sec. 


Oscillograph 

Results  from  the  120K  force  transducers. 


#3  Total  Time 

T  to  1st  rise 
Peak  force 
Total  impulse 
Average  force 


.  577  sec. 

. 0293  sec. 

20, 220  lbs. 

7,  050  lb.  -sec. 
12,  210  lbs. 


#5  Total  time 

T 0  to  1st  rise 
Peak  force 
Total  impulse 
Average  force 


.  576  sec . 

.  0293  sec. 

24,  400  lbs. 

8,  960  lb.  -  sec. 
15,  550  lbs 
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#6  Total  time 

T0  to  1st  rise 
Peak  force 
Total  impulse 
Average  force 


.  565  sec. 

.  0299  see. 

24,  000  lbs. 

7,650  lb. -  sec. 
13,  540  lbs. 


#7  Total  time 

T0  to  Is  l  rise 
Peak  fo  rce 
Total  impulse 
Average  force 


.  571  sec. 

. 0293  sec. 

22, 800  lbs. 

10,  350  lb. -sec. 
18, 100  lbs. 


Figure  2.  l-l  depicts  the  oscillograph  force  traces. 

Figure  2.1-2  depicts  payload  angle  (pitch  vs.  time). 

Figure  2,1-3  depicts  payload  angle  (roll  vs.  time). 

C onclusions,  Recommendations  and  Corrective  Action: 


With  the  exception  of  the  failing  rocket  nozzle,  this  test  is  concluded 
to  be  successful.  For  subsequent  incorporation  into  the  PRADS 
system  it  is  recommended  that  the  retaining  shoulder  on  the  rocket 
nozzle  of  the  Northrop  SK2000-1001  rocket  motor  be  modified  by 
incorporating  a  larger  radius  to  preclude  stress  concentration  in 
this  area. 


( 
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TIME  -  SECONDS 

PAYLOAD  ANGLE  (POLL;  VS  TIME  TEST  NO.  18 J- 


Test  No.  ; 


2.  2 
183-2 


Type  of  Testing: 
PRADS  Static  Racket  Test 


D a tc  of  Testing: 

8  March  1968 

Mo.  of  Rockets  Tested: 


10 


Purpose  of  Testing: 

The  purpose  of  this  testing  was  twofold.  The  first  purpose  was  to 
assure  the  structural  integrity  of  the  system  slings,  webbings,  etc- 
The  second  purp  se  was  to  ascertain  system  stability  and  component 
function. 


Test  Procedure : 


Ten  rockets  were  mounted  in  the  small  load  range  rocket  pack. 

The  weight  of  the  rocket  pack  installation  was  565  lbs. 

The  test  installation  is  shown  in  Figure  1-1. 

The  load  was  supported  by  means  of  two  three-loop  slings  of 
MIL-W-4088,  Type  X,  8700  lb.  nylon  webbing  at  each  corner.  These 
slings  were  covered  with  Stencel  SK409- 0020- l  sleeves  constructed 
of  cotton  cloth  The  slings  were  20  feet  long.  An  additional  20.  5 
inches  was  added  to  their  length  by  the  clevis  and  load  cell  linkages 
mounter'  to  the  load  at  each  corner.  The  load  cells  were  120,000  lb. 
capactiy  strain  gauge  type  instruments  provided  and  calibrated  by  ch" 
USAF  6511th  Test  Group.  The  load  was  supported  in  an  initially 

i  -t  _ _ 
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These  slings  were  attached  to  the  connector  of  the  rocket  pack. 

The  rocket  pack  was  supported  in  a  vertical  position  with  an  offset 
of  4  1/2  degrees . 

Ambient  temperature  at  the  time  of  test  was  60  degrees  Fahren¬ 
heit  . 


Test  Results: 


All  compcnts  functioned  properly  in  this  test, 
was  good. 

Data  was  as  follows: 


Sys  Lem  stability 


Film 


T0  to  rocket  fire 
Tq  to  rocket  burnout 
Rocket  fire  to  burnout 


.  015  sec. 

.  560  sec. 

,  545  sec. 


Oscillograph 

Results  from  the  120K  force  transducers. 


#3 


ft  o 


#6 


Total  dme 
Tq  to  1st  rise 
Peak  fo  rce 
Total  impulse 
Average  force 

Total  time 
T0  to  1st  rise 
Peak  force 
Total  impulse 
Average  force 

Total  time 
TQ  to  1st  rise 
P  n  \r  foi'CC 

Total  impulse 
Average  force 


.452  sec . 

.  0196  sec. 

12, 200  lbs. 

3,  250  lb.  -  sec. 
7, 190  lbs. 

.  443  sec. 

.  020  sec. 

II,  400  lb:  . 
3,095  lb.  -  sec . 
6,  990  lbs. 

.461  sec . 

.0207  sec. 

13,  690  lbs. 

2.  650  lb.  -  sec. 
5,  750  lb. 
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$7  Total  time 

TQ  to  1st  rise 
Peak  force 
Total  impulse 
■Average  force 


.454  sec. 

.  0202  sec. 

13,  970  lbs. 

2,  620  lb.  - s ec . 
5.  790  lbs. 


Figure  2.  2-1  depicts  the  oscillograph  traces  for  this  test.  Figure 
2.2-2  depicts  the  payload  angle  (pitch  vs.  time).  Figure  2  2-3 
depicts  the  payload  angle  (roll  vs.  time).  * 


Conclusions,  Recommendations  and  Corrective  Anin n : 


This  test  was  an  excellent  test, 
tions  are  recommended. 


No  corrective  action  or  modifica- 
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Test  No,  : 


2.  3 


183-  3 

Type  of  Testing,: 

PRADS  Static  Rocket  Test 

Date  of  Testing: 

17  April  1968 

Number  of  Rockets  Tested: 

32 

Purpose  of  Testing: 

The  purpose  of  this  testing  was  twofold.  The  first  purpose  was  to 
assure  the  structu-al  integrity  of  the  system  slings,  svebbing,  etc, 
The  second  purpose  was  to  ascertain  system  stability  and  com¬ 
ponent  functions . 

Test  Procedure: 

Thirty- two  were  used.  Sixteen  of  these  rockets  were  used 

in  the  Stencel  SK48- 02a- OR  l  large  rocket  pack  assembly  which 
was  suspended  in  the  upper  position  and  weighed  1276  lbs.  The 
remaining  16  rockets  were  mounted  in  the  Stencel  SK48- 022- 001- l 
Revision  A,  large  load  range  rocket  pack  which  was  suspended  in 
the  lower  position  and  weighed  1429  lbs.  These  rocket  pack  weights 
included  the  complete  rocket  pack  with  the  rockets  and  the  rocket 
valve  assemblies. 

The  piggy  back  installation  was  used  as  shown  in  Figure  ?..  3-1. 

The  load  was  supported  by  means  of  two  four  loop  slings  of 
MIL- W- 4088,  Type  XXVI,  15000  lb.  nylon  webbing  at  each  corner. 
These  slings  were  covered  with  the  Stencel  SK409-&20-1  Rev¬ 
ision  A  sleeve  which  was  constructed  with  nylon  cloth  and  impreg- 
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nated  with  Dow  Corning,  RTV  118  silicone  rubber.  The  sLings  were 
19  feet  long.  An  additional  20.  5  inches  was  added  to  their  length 
by  the  clevis  and  load  cell  linkages  mounted  to  the  load  at  each 
corner.  The  load  cells  were  120,  000  lb.  capacity  strain  gauge  type 
units  provided  and  calibrated  by  the  USAF  6511th  Test  Group.  The 
load  was  supported  in  an  initially  level  position. 

These  slings  were  attached  to  the  connector  of  the  lower  rocket 
pack,  The  lower  rocket  pack  was  supported  in  a  vertical  posi¬ 
tion  with  no  offset.  The  lower  rocket  pack  was  attached  to  the 
upper  rocket  pack  by  means  of  eight,  3- foot  long,  three  loop  slings 
constructed  of  MIL- W- 4088,  Type  X,  8700  lb.  tensile  strength 
nylon  webbing. 

Rocket  ignition  was  accomplished  by  porting  compressed  nitrogen 
pas  (1800  PSI)  to  the  rocket  initiator  by  means  of  Stericel  SK48- 
024-001-1  large  load  range  rocket  valve  assembly. 

Ambient  temperature  at  the  time  of  test  was  63  degrees  Fahrenheit. 
Test  Results : 


Just  prior  to  rocket  burnout,  all  bridle  slings  failed  at  the  point 
of  attachment  to  the  load.  The  failure  was  apparently  caused  by 
heat  due  to  the  large  amount  of  hot  gases  produced  by  the  rocket 
burning.  These  gases  converged  and  impinged  upon  the  slings 
and  the  load. 

Impact  damage  was  sustained  by  the  unrestrained  rocket  packs, 
the  test  facilities,  and  part  of  the  instrumentation. 

Data  was  as  follows: 

F  i  l  m 

Times  from 

Tq  to  rocket  fire  .02  sec. 

Tq  to  rocket  burnout  .  575  sec. 

Rocket  f .  r  e  to  biu  uOul  .  d  d  d  sec. 
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Os i  ..loeraph 


Results  f i  om  tlie  l20I\  force  transducers! 


m 


MS 


MG 


Ml 


Total  time 

ro  —  Cl  '  iso 
Pcak  force 
Total  impulse 
Average  force 

ToLal  time 
T0  to  1st  rise 
Peak  force 
Average  force 

Total  time 
T0  to  1st  rise 
Peak  force 
Total  impulse 
Average  force 

Total  time 
Tu  to  1st  rise 
Peak  force 
Total  impulse 
Average  force 


. 470  sec. 

.0  304  sec. 

45, 200  lbs. 

12,  800  lb.  -see. 

27,  400  lbs. 

.436  sec . 

•  0292  sec. 

49,  800  lb.  -sec. 
26, 960  lbs. 

•  49 7  sec, 

.0286  sec. 

52,  40  0  lbs . 

12,  470  lbs . 

28,  700  lbs . 

.  468  sec. 

.  0286  sec , 

45,  200  lbs. 

H.  600  lb. -sec. 
24,  750  lbs. 


Figure  2.  3-2  depicts  the  oscillograph  traces  for  this  test.  Load 
angle  versus  time  figures  are  not  available. 


The  almost  vertical  path  of 


t  lf  tVw 


-4  -  ~  :  ...  _  .3 


- a;neu  rocket  packs  demo: 

stiated  excellent  stability  for  this  test  had  the  structural  failure 
not  occurred. 


Conclusions  and  Recommendations : 


In  the  present  system  the  suspension  slings  are  not  adequately 
shielded  from  heat  and,  therefore,  present  a  hazard. 

n  is  apparent  that  a  solution  to  the  flame  impingement  problem 
must  be  luund.  It  is  recommended  that  this  test  be  repealed. 


2.  4 


Test  No.  : 


186-1 


Type  of  Test mg: 
PRADS  Tethered  Rocket  Tcsl 
Date  of  Test ;  lift  : 
20  June  1968 

Time  of  Testing- 


1700  Hour  s 


No.  >>f  Pocket  Tested: 


32 


Purpose  of  Te sting :_ 

The  purpose  of  this  testing  was  tc  evaluate  two  different  sling 
covering  materials  for  structural  integrity  and  for  heat  damage 
on  longer  slings  than  used  before. 

Test  Procedure: 


Thirty- two  rockets  were  used.  Sixteen  of  these  rockets  were  used 
in  each  Stencel  SK48-022- 001- 1  Revision  A  rocket  pack  assembly. 
One  was  suspended  in  the  upper  position  and  the  remaining  rocket 
pack  was  suspended  in  the  lower  position.  Each  rocket  pack  weigh¬ 
ed  1429  lbs.  The  rocket  pack  weight  included  the  complete  ’•ocket 
pack  with  the  rockets  and  the  rocket  valve  assemblies. 

The  piggy  back  installation  was  used  as  shown  in  Figure  2.  3-1. 

The  load  was  supported  by  means  of  two  four  loop  slings  of  MJ.L-W- 
4088,  Type  XXVI,  15,000  lb.  tensile  strength  nylon  webbing  at  each 
corner.  These  slings  were  covered  with  the  Stcnce'  SK409- 0020- 1 
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Revision  B  sli-cvos  of  two  materials.  The  two  front  slings  were 
covered  with  asbestos  cloth  sleeves,  am',  the  two  rear  slings  were 
covered  with  fiberglass  cloth  with  aluminum  backing.  The  slings 
were  24  feet  long.  An  additional  20.  5  incites  was  added  to  their 
length  by  the  clevis  and  load  cell  linkages  mounted  to  the.  load  al 
each  corner.  The  clevises  had  2"  diameter  spools  for  the  slings 
to  seat  on.  The  load  cells  were  120,000  lb.  capacity  strain  gauge 
type  units  provided  and  calibrated  by  the  USAF  6511th  Test  Group. 

The  load  was  supported  in  an  initially  level  position. 

These  slings  were  attached  to  the  connector  of  the  lower  rocket 
pack.  The  lower  rocket  pack  was  supported  in  a  vertical  position 
with  no  offset.  The  lower  rocket  pack  was  attached  to  the  upper  rocket 
packs  by  means  of  eight,  3-foot  long  three  loop  slings  constructed 
of  MJL-W-40S8,  Type  X,  8700  lb.  tensile  strength  nylon  webbing. 

Three  temperature  sensitive  paints  were  applied  to  live  top  of 
the  load  and  the  lower  ends  of  the  suspension  slings.  The  three 
paints  were  capable  of  liquifying  al  300,  400  or  500  degrees  Fah¬ 
renheit  respectively.  In  addition,  temperature  monitoring  labels 
were  taped  to  the  top  of  the  load  and  ihe  lower  ends  of  two  slings. 

Ambient  temperature  at  the  time  of  test  was  80  degrees  Fahren¬ 
heit. 


Test  Results: 


The  load  appeared  stable  during  rocket  burning  and  the  suspension 
slings  remained  intact.  Nozzle  serial  number  67  on  rocket  serial 
number  336  experienced  a  material  failure,  This  nozzle  had  a 
sharp  cornei  in  the  locking  ring  groove.  The  nuzzle  came  oil  the 
rocket  motor  and  broke  out  a  section  of  the  rocket  pack  lower  plate. 
This  in  turn  caused  damage  to  some  of  the  rocket  connectors  due 
to  pivoting  of  several  rocket  motors.  No  motors  became  separated 
from  the  rocket  pack.  The  nozzle  had  been  pressure  checked  to 
4  500  psi.  prior  to  reloading.  The  nozzle  had  been  fired  three  times 
previously  and  had  been  dropped  once  without  firing. 

All  slings  remained  intact,  however,  there  was  some  damage.  The 
covers  were  ripped  and  the  slmgs  suffered  some  visible  heat 
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damage.  It  is  not  known  how  much  if  any  heat  damage  was  con¬ 
tributed  by  rocket  number  336  whose  grain  burned  at  low  press¬ 
ure  or  "chuffed1'. 

Results  of  film  analysis  showed  that  the  rocket  exhaust  plumes 
changed  directions  during  rocket  burning  from  along  the  nozzle 
axis  at  35  degrees  to  the  vertical  to  almost  straight  down.  As  a 
result,  the  slings  and  load  were  subjected  to  direct  impingement 
of  the  rocket  exhaust  blast  during  the  last  part  of  rocket  burning* 
The  measured  plume  angles  at  times  during  rocket  burning  were 
as  follows: 


Time  from 

Rocket  Initiation  -  Sec. 

Plume  Angle  With 
Upper  Pack 

Vertical  -  Deg. 
Lower  Pack 

.  010 

31 

35 

.  015 

31 

32.  75 

.  020 

32.  25 

34.  75 

.  035 

35.  5 

.  045 

30.  5 

.  065 

26.  25 

.  135 

27.  25 

.  205 

23.  5 

_  . 

.  360 

22 

19 

.  390 

0  (Approx.  ) 

0  (Approx, 

.  5 

0  (Approx.  ) 

0  (Approx, 

Oscillograph  Data 

Results  from  the  120K  force 

transducers : 

#3  Total  time 

558  sec. 

T  to  1st  rise 

.022  sec. 

Peak  force 

54,  200  lbs . 

Total  impulse 

14, 130  lb.  -sec. 

Average  force 

25,  350  lbs. 
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Total  tunc 

.  £49  sec. 

T  to  1st  rise 

.0251  sec. 

Peak  force 

58,  9  00  lbs. 

Total  impulse 

19  ,  900  lb.  -  sec 

Average  force 

27,  100  lbs. 

Total  time 

.  597  sec. 

T  to  1st  rise 

.  02 5 i  sec. 

Peak  Force 

55, 100  lbs. 

Total  impulse 

13,  700  lb .  -  sec 

Average  force 

2  5,  050  lbs . 

Total  time 

.  553  s  cc . 

T  to  1st  rise 

.0239  sec. 

o 

Peak  force 

£6,  400  lbs. 

Total  impulse 

13,850  lb.  -  sec 

A verage  force 

25,  050  lbs. 

Figure  2.  4-1  depicts  the  oscillograph  traces  for  this  test.  Lead 
angle  versus  time  figures  arc  not  available. 


The  rocket  nozzle  which  failed  hit  the  load  and  glanced  into  the 
cable  which  supported  the  pretensioning  and  arresting  hook,  The 
cable  was  damaged  and  failed  when  the  cable  felt  the  weight  of 
tlie  rocket  packs  after  burnout.  The  rocket  packs  were  damaged 
when  they  fell  on  the  load. 


Temperature  Measurement: 


The  temperature  sensitive  paint  did  not  give  valid  results  because 
of  the  stiort  period  of  exposure  and  the  blast.  The  temperature 
monitoring  labels  indicated  a  temperature  above  500°  Fahrenheit. 

Conclusions  and  Recommendations: 


The  slings  are  structurally  adequate  for  32  rocket  motors  with 
either  covering  tested  and  a  2"  diameter  spool  around  the  large 
clevis;  however,  due  to  the  configuration  and  the  large  amount  of 
exhaust  gases  the  gases  converged  and  the  resuits  are  very  un- 
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desirable  from  a  standpoint  of  reusing  the  slings. 

Drop  tests  with  32  rocke'  motors  should  be  made  to  ascertain  if 
the  rocket  exhaust  flame  is  deflected  somewhat  by  the  load  down¬ 
ward  velocity.  In  any  case,  it  is  expected  that  a  smaller  number 
(12)  of  large  rockets  equally  spaced  around  the  pack  would  reduce 
or  eliminate  the  problem  of  convergence  of  exhaust  gases. 

The  nozzles  which  have  sharp  radii  should -not  be  used  for  more 
than  two  firings  without  some  type  of  reinforcement.  Other 
nozzles  which  have  radii  in  the  grooves  can  he  fired  additional 
times . 


GENERAL 


1.  0 


Airdrop  testing  was  carried  out  at  the  old  A  shcville- Hondo  r  sonvtlle 
Airport  near  Asheville.  North  Carolina,  utilizing  the  company  owned 
TDM  a  i  rc  raft . 

Testing  was  conducted  to  (a)  investigate  the  parachute  only  system 
(range  2000  to  8000  pounds)  in  tests  193-1,  -2,  and  -3;  (b)  check 
the  signal  system  (MDF)  and  safeties  in  tests  194-1,  -2  and  -3 
without  rockets;  and  (c)  check  the  complete  system  operation  in 
tests  195-1  and  -2  with  the  complete  system  using  rockets.  A 
summary  of  test  c . r.dit  :ons  is  found  in  Table  l,  2. 

The  drop  load  was  a  steel  tub  constructed  in  accordance  with  Stencel 
Dwg.  No.  ST4S- 001- 001 .  The  load  was  suspended  from  short  rails 
on  which  it  could  slide.  The  rails  were  suspended  from  the  air¬ 
craft  bomba y  by  a  box  beam. 

The  load  attachment  centers  were  eight  feet  lengthwise  and  four 
feet  in  width. 

The  extraction  parachute  was  a  15  foot  diameter  canopy  of  the 
ringslot  construction.  The  extraction  line  was  60  feet  long  and 
constructed  of  one  loop  of  MIL-W-4088,  Type  X,  nylon  webbing. 

The  extraction  parachute  was  baliislically  projected.  The  extract¬ 
ion  parachute  bag  was  the  bag  modified  for  ballistic  projection,  and 
the  extraction  chute  projection  gun  was  fabricated  in  accordance 
with  Stencel  Dwg.  No.  27-05-001.  The  risers  were  constructed 
of  8700  lb.  nylon  webbing,  MIL-W-4088,  Type  X  tw'o  loop  construc¬ 
tion.  To  each  corner  of  the  load  a  16  foot  long  sling  was  attached 
to  a  2 OK  load  cell  or  a  pressure  cylinder  where  noled  and  a  stand¬ 
ard  clevis.  The  slings  were  constructed  of  three  loops  of  8700  lb, 
nylon  webbing. 

On  an  electric  impulse  from  the  pilots  release  switch,  a  standard 
Mark  I  squib  actuated  a  normally  closed  valve.  The  opening  of  the 
valve  allowed  compressed  nitrogen  gas  to  be  ported  to  the  piston 
whicn  retracted  the  number  one  load  release  and  then  to  the  piston 
which  retracted  the  number  two  release  pin.  Stroking  of  the  sec¬ 
ond  piston  allowed  the  gas  to  th  ,-n  be  ported  to  an  M28  gas  fired 
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ballistic  initiator.  The  output  of  the  ballistic  initiator  operated  the 
extraction  parachute  projection  gun.  A  break  cord  was  provided  to 
restrain  the  load  from  moving  until  the  extraction  forces  reached 
the  level  of  1500  lbs.  The  unrestrained  drop  load  was  than  pulled 
from  the  lest  aircraft  by  the  force  of  the  extraction  parachute. 

Subsequent  to  clearing  the  aircraft  rails,  two  redundant  lanyards 
activated  the  force  transfer  device,  which  consisted  of  three  7-30 
mechanically  fired  initiators  which  operated  three  gas  powered 
line  cutters.  The  extraction  line  connection  to  the  load  extraction 
point  was  severed  by  the  line  cutters  allowing  the  main  parachutes 
to  be  extracted. 

2.  0  TEST  SUMMARY 

The  following  is  a  test  by  test  description  and  summary  of  airdrop 
tests.  Test  conditions  are  tabulated  in  Table  1.2. 
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Test  No.  : 


2.  I 


193-1 

Type  of  Testing: 

PRAD3  Parachute  Only  Low  Load  Range  Drop  Test 
Date  of  fesling: 

25  January  1968 

Time  of  'Testing: 

1640  Hours 

Purpose  of  Testing 

The  purpose  of  the  Lusting  described  herein  was  to  demonstrate  the 
capability  of  the  parachute  only  configuration  for  the  low  load  range, 
to  discover  any  deficiencies  in  the  system,  and  to  provide  the  per¬ 
formance  data  on  this  configuration. 

Test  Procedure: 

This  test  was  performed  with  a  drop  load  of  5060  lbs.  gross  weight. 
The  four  main  parachutes  were  46  foot  diameter  flat  circular  can¬ 
opies.  The  suspension  lines  were  41.  5  feet  in  length.  Each  riser 
was  40  feet  lur.g  plus  a  four-branch  extension  which  was  5  feet  long. 
The  parachutes  were  provided  with  a  47  foot  center  Line. 

The  main  parachute  bags  were  fabricated  in  accordance  with  Slencel 
Dwg.  No.  SK409-0016- 

The  standard  1670-799-8597  load  coupler  was  used  as  a  confluence 
point  attachment  connecting  the  parachuLe  risers  with  the  load  support¬ 
ing  slings.  At  the  end  of  these  slings  was  attached  an  Olin  Mathcson 
pressure  cylinder  type  force  gauge.  These,  in  turn,  were  attached 
to  the  standard  clevises  at  the  four  corners  of  the  load. 
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Figure  193-1-1  depicts  the  test  configuration.  Refer  to  Figure 
193-1-2  lor  a  pictorial  representation  of  the  sequence  of  events  for 
this  test. 

Test  Results: 

In  general,  this  test  proved  to  be  good.  Deployment  was  good;  how¬ 
ever.  main  canopy  opening  times  were  more  rapid  than  desired. 

Peak  opening  forces  were  somewhat  excessive,  and  minor  damage 
to  the  main  canopy  deployment  bags  was  experienced. 

Vertical  impact  velocity  was  28.2  feet  per  second.  Horizontal 
impact  velocity  was  22  feet  per  second. 

Peak  opening  forces  for  each  load  attachment  point  are  as  follows: 

^Right  front  1.  69  G 

Left  front  1.  76  G 

Right  rear  Unmeasured 

Left  rear  Unmeasured 

Loading  is  based  upon  gross  load  weight.  Event  times  are  taken 
from  the  time  of  first  load  motion  and  are  as  follows: 

Load  clears  ramp  .497  sec. 

Extraction  force  transfer  .  769  sec. 

Line  Stretch  1.  925  sec. 

Canopy  Stretch  2,  07  sec. 

Full  inflation  of  each  parachute  1  3.  54  sec. 

2  5. 08  sec. 

3  5.  78  sec. 

4  6.  51  sec . 

Average  inflation  5.23  sec. 

Figure  193-1-3  depicts  the  load  trajectory. 

Conclusions,  Recommendations  and  Corrective  Actions: 

The  basic  design  is  concluded  to  be  good.  The  peak  opening  forces 
are  excessive  and  must  be  reduced.  Opening  times  arc  not  con- 
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Test  No.  : 


2  ) 

193-2 

Type  of  Testing: 

PR  ADS  Parachute  Only  Low  Load  Range  Drop  Testing 
Date  of  Testing: 

30  January  1968 

Purpose  of  Testing: 

The  purpose  of  the  testing  described  herein  was  to  demonstrate  the 
capability  of  the  parachute- only  configuration  for  the  low  load  range 
and  to  demonstrate  a  reduction  in  parachute  opening  force. 

Test  Procedure: 


This  test  was  performed  with  a  drop  load  of  5060  lbs.  gross  weight. 
The  four  main  parachutes  were  46  foot  diameter  flat  circular  canopies. 
The  suspension  lines  were  41.  5  feet  in  length.  The  risers  were 
40  feet  long  plus  a  four-branch  extension  which  were  five  feet  long. 

The  parachutes  had  no  center  lines. 

The  main  parachute  bags  were  fabricated  per  Stencel  Dwg.  No. 
SK409-0016. 

The  standard  1670-799-8795  load  coupler  was  used  as  a  confluence 
attachment  connecting  the  parachute  risers  with  the  load  supporting 
slings. 

Figure  193-1-1  depicts  the  test  configuration.  Refer  to  Figure  193-1 
-2  for  a  pictorial  representation  of  the  sequence  of  events  for  this 
test. 


Test  Results  : 

This  proved  io  be  somewhat  of  an  improvement  over  the  previous 
test.  Deployment  was  good.  Main  canopy  opening  times  were  a 
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little  better  than  in  the  previous  test.  Peak  opening  forces  were 
still  somewhat  excessive,  and  minor  damage  to  the  main  canopy 
deployment  bags  was  still  experienced. 

Vertical  impact  velocity  was  30.  6  feet  per  second.  Horizontal 
impact  velocity  was  5.  6  feel  per  second. 

Peak  opening  forces  for  each  load  attachment  arc  as  follows: 


R  ight  front: 

1.  443 

G 

Left  front: 

l.  47 

G 

Right  rear: 

l.  57 

G 

Left  rear: 

1.  89 

G 

Evsnt  times  were  taken  from  the  time  of  first  load  motion  and 
are  as  follows : 


Load  clears  ramp 

595 

s  ec . 

Extraction  force  transfers 

• 

775 

sec. 

Line  stretch 

1. 

905 

s  ec . 

Canopy  stretch 

2. 

10 

s  ec. 

Full  inflation  of  each  para¬ 

chute 

1 

3. 

93 

sec. 

2 

5. 

03 

s  ec . 

3 

5. 

62 

s  ec . 

4 

5. 

79 

s  ec. 

Average  inflation 

5. 

09 

s  ec . 

Stability  was  excellent 

Figure  193-2-1  depicts  the  oscillograph  traces  of  load  attachment 
force  vs.  time. 

Figure  193-2-2  depicts  the  load  trajectory. 

Conclusions,  Recommendations  ami  Co  r  recti  ve  Actions  : 

The  elimination  of  the  center  line  in  this  test  proved  to  be  a  good 
modification.  However,  opening  times  are  still  somow'hat  rapid, 
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193-2-1 


and  opening  shocks  are  still  somewhat  high. 

It  is  roc  omn  to  tided  that  for  all  subsequent  tests  under  this  program, 
the  center  Line  continue  to  be  eliminated,  and  in  addition  to  this 
modification,  it  is  recommended  that  the  corrective  action  be  taken 
to  include  inc  or puj ra l i on  of  main  canopy  reefing  to  a  diameter  ol 
2  b  7  feet  for  a  period  of  2  seconds  from  the  Lime  of  main  canopy 
deployment.  (It  is  not  expected  that  reefing  will  lie  required  with 
the  proposed  system  using  48  fool  slotted  parachutes.  ) 

2.  2  Test  No.  : 

1 0  3-  3 

1  ype  of  Testing: 

P1<A1)S  Parachute  Only  I.nw.  Load  Range  Drop  Testing 

I).i  I  e  of  1  es  t  j  ilg: 


7  February  I96H 

Pit  r pus  e  of  '1  e  s  1  i  ng : 

The  purpose  of  the  testing  described  herein  was  to  demonstrate  the 
capability  of  tile  parachute- only  configuration  for  the  low  load  range, 
with  reefed  main  parachutes  to  reduce  parachute  opening  force. 


Test  Procedure: 


This  test  was  performed  w'lh  a  drop  load  of  5060  lbs.  gross  weight. 
The  four  main  par  chutes  were  4(  foot  diameter  flat  circular  can¬ 
opies.  They  were  reefed  to  a  diameter  of  23.  7  feet.  This  reefing 
was  accomplished  by  means  of  a  reefing  line  74  feet  long.  Dis- 
roofing  was  accomplished  by  means  of  two  two-second  delay  line 
cutters  per  parachute  which  were  activated  by  lanyards  attached 
to  the  canopy  risers  on  parachute  deployment.  The  suspension  lines 
were  41.  5  feet  in  length.  The  risers  were  40  ft.  long  plus  four 
branch  extensions  which  were  5  301.  long.  No  center  line  were  used. 
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The  main  parachute  bags  were  fabricated  per  Stenccl  EXvg.  No. 
SK409-  00!  6. 

The  standard  1670-799-879?  load  connector  was  used  as  a  bridle 
confluence  attachment  connecting  the  parachute  risers  with  load 
supporting  slings. 

Figure  193-1-1  depicts  the  test  configuration. 

Refer  to  Figure  193-1-2  foi  a  pictorial  representation  of  seq¬ 
uence  of  events  for  this  test. 

Test  Results: 


This  test  proved  to  be  very  good.  Deployment  was  good.  Peak 
opening  forces  were  acceptable.  Deployment  times  were  accept¬ 
able.  Minor  damage  to  the  main  canopy  deployment  bags  was 
experienced. 

Vertical  impact  velocity  was  29.4  feet  per  second. 


Peak  opening  forces  for  each  load  attachments  are  as  follows: 


Right  front:  l.  16  G 

Left  front:  l.  14  G 

Right  roar:  l.  37  G 

Left  rear:  l.  2 3  G 


Event  times  arc  taken  from  the  time  of  first  load  motion  and 
are  as  follows : 


Load  clears  ramp 
Extraction  force 
transfer 
Line  stretch 
Canopy  stretch 


.56  sec. 

.781  sec. 

1.  99  sec. 

2.  24  sec. 


Full  inflation  of  each 

parachute  I  4.  57  sec. 

2  4. 77  sec. 

3  5 . 08  s  ec . 

4  6.  93  sec. 
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Average  inllation  z.  vy  sec. 

Stability  was  acceptable. 

Figure  193-  J - 1  depicts  the  oscillograph  traces  of  the  load  attach- 
merit  forces  vs.  time. 

Gone  liis  ioni- ,  Recommendation  s  and  Corrective  Action : 


The  modifications  previously  incorporated  are  concluded  to  be 
good.  It  is  recommended  that  this  configuration  be  accepted  for 
the  low  load  range,  parachutes  only.  The  one  remaining  problem 
experienced  in  this  and  the  previous  two  tests  was  minor  bag  dam¬ 
age.  The  recommended  correction  for  all  subsequent  testing  and 
for  incorporation  into  the  system  is  that  modification  be  made  to 
the  main  chute  bags  in  such  a  manner  as  to  reinforce  the  areas  in 
which  damage  occurred. 

Impact  velocity  was  slightly  higher  than  acceptable.  One  addition¬ 
al  parachute  should  be  used  for  loads  cf  this  suspended  weight 
(4600  pounds). 
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Test  No: 


.  *4 

19-1-1 

Type  of  Testing: 

PRADS  Inert  Rocket  System  Test 
Date  of  4  cstlng: 

19  Februa  ry  1968 

Purpnso  of  Testing: 

The  purpose  of  the  testing  described  herein  was  to  evaluate  the 
effectiveness  of  the  modifications  and  corrective  actions  incor¬ 
porated  in  the  retrorocket  system  since  the  previous  Lest  program. 
Parachute  operation,  ignition  train  performance,  ai.d  general 
operation,  in  particular,  were  studied, 

Tes t  Procedure: 


This  test  was  performed  with  a  drop  load  of  5060  lbs.  gross  weight. 
Four  main  parachutes  were  used.  These  parachutes  were  24  fool 
flat  circular  canopies.  Suspension  lines  were  21.  5  feel  in  length, 
Each  parachute  riser  was  20  feet  long  plus  a  two- branch  exten¬ 
sion  which  was  eight  feet  in  length.  All  remaining  tests  were 
made  with  this  parachute  configuration. 

The  main  parachute  bags  were  fabricated  per  Stencel  Dwg.  No. 
SK409-  0018  on  this  test  and  the  remaining  airdrop  tests. 

For  this  test  a  dummy  rocket  pack  fabricated  in  accordance  with 
Stencel  Dwg.  SK48- 009- 001  was  used.  The  main  chute  riser 
v,  as  attached  to  the  tup  of  tins  dummy  rocket  pack.  To  the  bottom 
of  this  dummy  rocket  pack  was  attached  the  four  load  support 
slings.  A',  the  end  of  each  of  these  slings  was  attached  an  Olin 
Malheson  pressure  cylinder  type  force  gauge.  These,  in  turn, 
were  attached  to  the  standard  clevises  at  the  four  corners  of 
the  luad. 

On  til's  test,  even  though  it  was  an  inert  rocket  test,  the  complete 
rocket  ignition  train  system  was  used  in  order  to  fully  evaluate  the 
performance  of  the  probe  and  (lie  MDF  and  the  CDF  assemblies, 
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consisting  of  the  SK32- 006- 001- 1  probe  assembly,  the  SK48-005- 
0G1-1  rocket  valve  assembly,  the  Ensign- Bickford  213093  CDF 
assembly,  and  the  Ensign- Bickford  No.  213092  MDF  transfer 
assembly.  These  units  were  activated  by  lanyards  as  shown  in 
Figure  194-1-2. 

Operation: 

The  load  was  extracted  identically  the  same  as  in  the  previous  pa  ra- 
chute  only  tests.  After  the  extraction  line  conncc  ion  to  the  load 
extraction  point  was  severed  by  the  line  cutters  allowing  the  main 
parachutes  to  be  extracted,  the  dummy  rocket  pack  was  extracted 
from  the  load  under  the  action  of  the  main  canopy.  Attached  to  the 
dummy  rocket  pack  was  a  lanyard  14  feel  long  which  activated  the 
probe  release  mechanism.  The  probe  reeled  out  from  the  probe 
reeloul  brake  under  the  force  of  gravity.  The  amount  of  MDF 
reeled  out  was  28  feet.  When  the  load  had  descended  to  a  height 
of  28  feet  above  the  ground,  the  probe  was  activated  on  contact 
with  the  ground  and,  in  turn,  activated  the  Ensign- Bickford  MDF 
assembly  sending  the  actuation  signal  up  to  the  probe  reel  out 
brake  At  the  probe  reeloul.  brake  the  signal  was  then  transferred 
to  the  Ensign- Bick  ford  CDF  assembly  which  in  turn  carried  the 
signal  up  to  the  rocket  valve  assembly. 

Figure  194-1-1  depicts  the  test  configuration. 

Refer  to  Figure  194-1-2  for  a  pictorial  representation  of  the  seq¬ 
uence  of  events  for  this  test. 

T  e  s  t  Results: 


In  general,  this  was  a  very  good  test.  The  only  problem  of  any 
significance  that  occurred  on  this  tc  .  t  was  the  fact  that  the  lining 
of  one  of  the  probe  reel  out  brake  shoes  cracked  thus  preventing 
the  probe  from  reeling  out  the  full  28  feel  of  MDF.  Peak  para¬ 
chute  ouenirtg  forces  were  reasonable.  Opening  times  were  accept- 
a  b  1  e . 

Vertical  impact,  velocity  was  52.4  feet  per  second.  Horizontal 
impact  velocity  was  20  feet  per  second. 

Peak  opening  forces  for  each  load  attachment  point  as  dote)  mined 
by  the  crustier  cylinder  type  lorce  gauge  are  as  follows: 
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SAFX  AIRDROP  CONFIGURATION 
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Right  front 
eft  front: 

R i  gh  t  rear: 

L<  ft  rear: 

Event  times  at'i:  taken  from  first  load  motion  and  art-  as  follows: 


Load  clears  ramp 

.  525 

a  q.  c . 

E.  ction  force  transfer 

.  73 

s  ec . 

Line  stretch 

1.  355 

S  CC 

Canopy  stretch 

I.  44 

sec 

Inflation  of  each  parachute 

1 

l 

2.  £3 

s  ec 

2 

2  71 

s  ec 

3 

1.  85 

s  ec 

4 

3.  31 

s  ec 

Average  inflation 

00 

i/i 

sec. 

Probe  release 

No  Data 

Probe  full  extended 

No  D 

i 

1st  probe  impact 

7.  86 

s  ec 

2nd  .robe  impact 

7.  88 

s  ec 

Load  impact 

8.  24 

s  ec 

Stability  was  acceptable. 

Figure  194-1-3  depicts  the  toad  trajectory. 

Conclusions,  Recommend ations,  and  Corrective  A e  tion: 

From  this  test,  it  is  concluded  that  the  basic  design  seems  good.  The 
problem  of  the  cracked  brake  shoe  lining  which  prevented  the  probe 
from  reeling  out  the  full  28  feet  of  MDF  can  be  prevented  in  subsequent 
tesLs  by  using  brake  linings  which  have  been  carefully  inspected.  This 
brake  lining  had  been  used  for  many  tests  and  was  apparently  in  need 
of  replacement. 


1.  12  G 
l.  02  G 
1.  17  G 
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lest  No.  : 


194-  2 

Type  of  Testing: 

PR.ADS  Inert  Rocket  System  Test 
Dale  of  Testing: 

2 3  Februa  ry  1968 

Purpose  of  Testing: 

Tbe  purpose  of  the  testing  described  herein  was  to  evaluate  the  effect¬ 
iveness  of  the  modifications  and  corrective  actions  incorporated  since 
the  previous  test  program.  In  addition,  modifications  to  the  brake 
lining  in  the  probe  reelout  brake  were  checked  under  drop  conditions. 

Test  Procedure: 

This  test  uas  performed  with  a  drop  load  of  5060  lbs  gross  weight. 

At  the  lower  end  of  each  of  the  suspension  slings  was  attached  an 
Olin  Ma  thies  oil  pres  sure  cylinder  type  force  gauge.  This  in  turn  was 
attached  to  the  standard  clevises  at  the  four  corners  of  the  load. 

The  inert  system  configuration  and  operation  was  the  same  as  ir,  test 
194- 1. 

Figure  194-1-1  depicts  the  test  configuration. 

Refer  to  Figure  194-1-2  for  a  pictorial  representation  of  the  sequence 
of  events  for  this  test. 

Test  Results: 

This  test  proved  to  be  a  very  gouci  test  except  for  the  fact  that  the 
probe  arming  lanyard  wrapped  around  one  of  the  probes  and  pi  evented 
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arming  oi  that  pn 


Vertical  impact  velocity  was  74.  2  fps,  horizontal  impact  velocity 
was  L.4  fps.  Peak  opening  forces  for  each  load  attachment  point 
as  determined  by  the  pressure  cylinder  type  force  gauges  are  as 
follows  : 


ied  by  the  pr 

es sure  cyl 

i  n 

R  ight  front : 

l.  14 

n 

Left  front: 

l.  23 

o 

Right  rear: 

l.  39 

c 

Left  rear: 

l.  19 

G 

Event  times  are  taken  from  the  time  of  first  motion  and  are  as 
follows  : 


Load  clea  rs  ramp 

422 

sec. 

Extraction  force  transfer 

688 

s  ec . 

Line  stretch 

l. 

27 

s  ec . 

Canopy  stretch 

1. 

405 

s  ec , 

Full  inflation  of  each  parachute 

2. 

36 

sec. 

2. 

48 

s  ec . 

2. 

92 

sec . 

3. 

50 

sec . 

Average  inflation 

2. 

82 

s  ec . 

Probe  release 

2. 

22 

s  ec . 

Probe  full  extended 

3. 

52 

sec. 

1st  probe  impact 

7. 

48 

sec . 

2nd  probe  impact 

7. 

52 

s  ec . 

Load  impact 

7_ 

o 

/ 

sec. 

Stability  was  acceptable. 

Figure  194-2-1  depicts  the  load  angle  vs.  time. 

Conclusions,  Recommendations,  and  Corrective  Action 


The  basic  design  still  seems  to  be  good.  The  problem  with  the  probe 
arming  lanyard  entangling  with  the  probe  can  be  presented  on  future 


*w. 


PAYLOAD  ANGLE  VS  TIMS  TEST  NO.  194-2 
Figure  194-2-1 


'  i  - 1  -  i>\  rcdv  -  sen  >i  'he  probi  arming  lanyards  stowage  pockets  . 

fins  «.  or  rectivc  action  is  being  taken. 

2.  0  lest  No: 

Id  i-  i 

Type  of  Testing: 

PR  ADS  Inert  Rocket  System  Test 
Date  of  Tes  ting: 

4  March  1968 

Purpose  of  Testing: 

The  purpose  oi  the  testing  described  herein  was  to  evaluate  the 
effectiveness  of  the  modifications  and  corrective  actions  incorpora¬ 
ted  since  the  previous  test  program.  In  addition,  a  check  was  made 
of  the  probe  arming  lanyards  with  a  modified  stowage  procedure. 

Test  Procedures: 

This  test  was  performed  with  a  drop  load  of  5060  lbs.  gross  weight. 

At  the  lower  end  of  eacti  of  the  suspension  slings  was  attached  an 
Olin  Mathieson  pressure  cylinder  type  force  gauge.  These  in  turn 
were  attached  to  the  standard  clevises  at  the  four  corners  of  the 
load. 

The  inert  system  configuration  and  operation  was  the  same  as  in 
te s  t  194- 1. 

Figure  194-1-1  depicts  the  test  configuration. 

Refer  io  Figure  194-1-2  for  a  pictorial  representation  of  the  se¬ 
quence  of  events  for  this  test. 
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Test  Results: 


This  test  was  very  good.  No  problems  of  an/  nature  occurred. 
Vertical  unpact  velocity  was  71.9  feet  per  second.  Horizontal 
impact  velocity  was  5.  6  ieet  per  second. 

Peak  opening  forces  for  each  load  attachment  point  as  determined 
by  the  crusher  cylinder  type  force  gauges  were  as  follows: 

Right  front:  1.13  G 

Left  front:  1.  02  G 

Right  rear :  1.18  G 

Left  rear:  l.  22  Q 

Event  times  are  taken  from  the  lime  of  first  motion  of  the  drop  load 
and  are  as  follows: 


Load  clears  ramp 

49  sec. 

Extraction  force  transfer 

• 

00 

s  ec. 

Line  stretch 

1. 

605 

s  ec. 

Canopy  stretch 

i . 

995 

sec. 

Full  inflation  of  each  parachute 

2. 

67 

s  ec . 

2. 

71 

s  ec . 

2. 

96 

sec 

2. 

99 

sec 

Average  inflation 

2. 

83 

sec 

Probe  release 

2. 

52 

s  ec 

Probe  full  extended 

4. 

05 

sec 

1st  pi* ob 0  1  ni p 2 c t 

7. 

68 

sec. 

2nd  probe  impact 

7. 

70 

see 

Load  impact 

8. 

0 

s  ec 

Stability  was  excellent. 

Figure  194-3-1  depicts  the  load  trajectory. 
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Cunt  1  u  s  i  o  n  s  ,  !-’  uc  om  mcnda ! ;  u  r.  s  and  Cui  rfdivc  Action. 

This  It  s!  concluded  the  series  of  three  made  unde:  the  inert  rocket 
cysltni  test.  No  problems  or  deficiencies  occurred  in  this  test. 
Therefore,  it  is  recommended  that  the  system  as  presently  designed 
be  accepted  for  furLher  testing  o'  or  this  program. 


2.  7  Test  No. 

195- 1 


T ype  of  Tcs  ting : 
PR-ADS  Full  System  Test 

Date  of  Testing: 


11  March  1968 

Purpose  of  Testing: 

The  purpose  of  the  testing  described  herein  was  to  evaluate  the  com¬ 
plete  PRADS  System  performance  under  airdrop  conditions  of  130 
knots  airspeed,  to  discover  any  system  deficiencies,  and  to  determine 
suitable  corrective  actions  for  the  deficiencies.  In  addition,  the 
gas  valve  safety  and  arming  devices  were  checked  under  system  con¬ 
ditions  . 


Test  Procedure: 

This  was  a  full  system  test  using  four  Northrop  SK2000- 1001  rockets 
having  a  nominal  thrust  of  5100  lbs.  each.  The  Stencel  SK48- 001- 001- 
l  small  load  range  rocket  pack  was  used.  The  weight  of  the  rocket 
pack  loaded  with  the  rockets  was  approximately  361  lbs. 

This  test  was  performed  with  a  drop  load  of  5120  lbs.  gross  weight. 

The  main  parachute  bags  were  fabricated  per  Stencel  Dwg.  No. 
SK409-  0018  . 
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To  Ui'  bottom  .>1  he  nukt  i  pui  k  was  attached  four  lo  ft.  long  sup¬ 
port  •=  I  ings .  At  the  end  of  r  uh  of  ’fuse  slings  was  attached  strain 
gauge-  tvpc  load  cells  of  20,000  lbs.  capacity.  The  load  cells  were 
in  It. rr.  ails,  h-d  to  standard  eh. vises  at  the  four  corners  of  the  load 

Op-,  ration: 

System  operation  was  identical  to  the  previous  inert  tests  up  to  main 
p3i.:-L  Suite  deployment.  As  the  main  canopy  parachute  bags  were 
being  pallid  away  from  the  drop  load,  lanyards  (connected  to  one  of 
the  main  parachute  bags  and  attached  at  the  oilier  ends  to  the  rocket 
valve  assembly  Number  safety  pins)  were  pulled,  thereby,  activa¬ 
ting  the  Number  1  rocket  valve  assembly  safety'  pins.  A  lanyard 
was  provided  for  each  of  the  two  redundant  roc.keL  valve  assemblies. 
After  the  main  canopies  were  completely  deployed,  the  extraction 
parachute  line  and  the  ir-  rn  parachute  bags  were  separated  from  the 
main  canopy  and  allowed  to  go  free.  The  rocket  pack  was  pulled 
away'  from  the  drop  load.  A  14  foot  lanyard  connected  to  the  rocket 
pack  activated  each  of  two  probe  release  pins  as  the  rocket  pack  was 
being  pulled  away.  Also,  as  the  rocket  pack  was  being  pulled  aw-ayr 
from  the  load,  two  lanyards  (attached  to  the  rear  riser  links  on  the 
drop  load  and  to  the  Number  2  rocket  valve  assembly  safety  pins  on 
ihe  rocket  pack)  were  pulled,  thus  completely  arming  the  rocket 
valve  assemblies. 

The  probe  assemblies,  which  during  this  time  were  being  reeled 
out,  were  armed  by  means  of  two  lanyards  six  feet  long  attached 
to  the  drop  load  and  to  the  arming  pins  on  the  probes  themselves. 
With  these  probe  arming  pins  pulled,  the  PRADS  system  was  then 
completely  armed. 

The  system  was  allowed  to  descend  under  the  retarding  action  of 
the  main  canopy  drag  forces.  When  the  load  reached  the  height 
of  28  feet  above  the  ground,  the  probe  contacted  the  ground  and 
activated  the  ignition  train  system.  The  signal  was  transferred 
from  the  probe  via  the  MDF  assembly  to  the  probe  reelout  assem¬ 
bly.  The  signal  was  then  transferred  from  the  probe  reelout  ass¬ 
embly  to  the  rocket  valve  assembly  by'  the  CDF  assembly.  Act¬ 
ivating  the  rocket  valve  assembly  allowed  compressed  nitrogen 
gas  to  be  ported  to  the  rocket  motor  firing  device  causing  the 
Northrop  SK2000- 1001  rockets  to  fire.  The  retroaction  of  these 
rocketc  allowed  the  load  to  descend  gently  to  the  ground. 
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Figure  194-1-1  depicts  the  test  configuration 


Refer  tu  Figure  1S5-1-1  for  a  pictorial  representation  of  the  se¬ 
quence  of  events  for  the  test. 

Test  Results : 


Basically  this  was  a  very  good  test.  One  major  problem  did  occur, 
however.  The  probe  stowage  housing  broke  away  from  the  drop 
load  after  release  from  the  aircraft.  It  is  believed  that  the 
mounting  bolts  for  this  unit  had  sustained  fatigue  damage  in  pre¬ 
vious  testing.  Peak  opening  forces  were  reasonable.  Opening 
times  were  acceptable. 

Vertical  impact  velocity  was  24  feet  per  second.  Horizontal  im¬ 
pact  velocity  was  6.  5  feet  per  second. 

Peak  opening  forces  for  each  load  attachment  point  as  determined 
by  the  load  cc'ls  are  as  follows: 

Right  front:  .  93  G 

Left  front:  1.  46  G 

Right  rear:  l.  20  G 

Left  rear:  l.  14  G 

Ail  loadings  are  based  upon  gross  load  weight.  Event  times  taken 
from  the  first  load  motion  are  as  follows: 


Load  clears  ramp 

.  272 

sec . 

Extraction  force  transfer 

.  53  ' 

sec. 

Line  stretch 

l.  20 

sec. 

Canopy  stretch 

l.  26 

s  ec . 

Full  inflation  of  each 

parachute 

l 

2.  22 

sec. 

2 

2.  49 

s  ec. 
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3 

2.  55 

s  ec . 

4 

4.  2? 

3CC  . 

Average  inflation 

2.  88 

sec. 

Probe  release 

1.  77 

sec . 

Probe  fully  extended 

2.  79 

see. 

1st  probe  impact 

6.  4 

sec. 

2nd  probe  impact 

(broke) 

Rocket  fire 

6.  44 

s  ec . 

Rocket  burnout 

6.  97 

sec . 

Load  impact 

7.  19 

sec. 

Stability  was  acceptable. 

Figure  195-1-2  depicts  the  oscillograph  traces  of  the  load  attach¬ 
ment  forces  vs.  time.  Figure  195-1-3  shows  load  angle  versus 
time. 


Conclusions,  Recoinmsndations  and  Corrective  Action: 


The  PRADS  system  based  on  this  test,  is  concluded  to  be  good. 

It  is  recommended  that  the  corrective  action  for  the  next  test  be 
the  reinforcing  of  the  probe  stowage  housing  attachment  to  the  drop 
load. 
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2.  8  Test  No.  : 

195-  2 


Type  of  Testing: 

PR  ADS  Full  System  Flight  Test. 

Date  of  T csting: 

14  March  1968 

Purpose  of  Testing: 

The  purpose  of  the  testing  described  herein  was  to  continue  to  eval¬ 
uate  the  complete  PRADS  System  performance  under  airdrop  condi¬ 
tions  of  130  knots  airspeed,  to  discover  any  system  deficiencies, 
and  to  determine  suitable  corrective  actions  for  the  deficiencies. 

Test  Procedure: 

This  was  a  full  system  test  using  four  Northrop  SK2000-1001  rockets. 

The  test  was  performed  with  a  drop  load  of  5120  lbs.  gross  weight. 

The  test  configuration  and  operation  were  identical  to  test  195-1 
except  that  the  length  of  MDF  reeled  out  was  shortened  from  28 
feet  to  27  feet. 

Figure  194-1-1  depicts  the  test  configura  '  n. 

Refer  to  Figure  195-1-1  for  a  pictorial  representation  of  the  sequence 
of  events  for  this  test. 

Test  Results: 

This  proved  to  be  a  most  excellent  test.  No  problems  of  any 
nature  were  encountered. 
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Horizontal 


Vertical  impact  velocity  was  28  fo  u  t  pi-*  second, 
velocity  was  5.  9  feet  per  second. 

Peak  opening  forces  for  each  load  attachment  point  as  determined 
by  the  load  cells  arc: 


Right  front: 
Left  front: 
Right  rear: 
Left  rear: 


1.  22  C. 
1.  02  C 
1.  17  G 
.  82  G 


All  G  loading  is  based  upon  gross  load  weight.  Event  times  are 
taken  from  the  first  load  motion  and  are  as  follows: 

Load  clears  ramp  .  375  sec. 

Extraction  force  transfer  .  545  sec. 


Line  stretch 
Canopy  stretch 


1.  38  sec. 
1.  485  sec. 


Full  inflation  of  each 


parachute 

l 

2.  54  sec. 

2 

2. 88  sec. 

3 

3. 08  sec. 

4 

3.  84  sec. 

Average  inflation 

3. 08  sec. 

1c  i-  probe  release 

2.16  sec. 

2nd  probe  release 

2.  61  sec. 

Probe  full  extended 

3. 23  sec. 

1st  probe  impact 

b.  22  sec. 

2nd  probe  impact 

6 . 23  sec. 

Rocket  fire 

6. 24  sec. 

Rocket  burnout 

6 . 79  sec. 

Load  impact 

6. 90  sec. 

Stability  was  excellent. 

Figure  195-2-1  depicts  the  oscillograph  traces  of  the  load  attach- 
ment  forces  vs.  time. 
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Figure  195-2-2  depicts  the  load  trajectory. 

Co  itc  las  ion  5  ,  R  ecum  me  nua  lions  and  Corrective  Action: 

This  test  proved  to  be  excellent.  No  changes  or  corrective  actions 
are  recommended . 

It  is  recommended  for  this  load  range  that  this  exact  configura- 
t  ion  be  accepted 
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PURPOSE 


1.  0 


1 .  I  System  Plight  Tests/NAF  El  Centro,  California 

The  system  flight  tests/NAF  El  Centro,  California  were  conducted 
to: 

1)  Demonstrate  flight  safety  and  compatibility  of  the  PRADS  with 
existing  airdrop  techniques. 

2)  Establish  rigging  procedures  (general)  for  preparing  various 
load  configurations  for  airdrop. 

3)  Explore  system  stability  characteristics  during  extraction, 
deployment,  descent,  and  rocket  burning. 

4)  Examine  system  hardware  under  field  use. 

5)  Determine  impact  velocity. 

6)  Identify  and  recommend  correction  of  any  system  oriented  pro¬ 
blems  . 

2.  0  ADMINISTRATIVE  DATA 

2.  I  General 

All  tests  were  conducted  using  a  C-130  B  or  E  model  type  aircraft  and 
were  released  at  requested  airspeeds  from  110  to  150  knots  indicated 
airspeed,  and  at  requested  altitudes  of  2000  to  500  feet  absolute 
altitude.  All  tests  were  performed  at  the  foothill  drop  zone  of  the 
Department  of  Defense  joint  parachute  test  facility,  U.  S.  Naval  Air 
Facility,  El  Centro,  California. 

2.  2  Drop  Test  Load  and  Platform 

The  test  load  was  a  steel  weight  tub  which  could  be  ballasted  to  pro¬ 
duce  desired  weight,  CG  location,  and  moment  of  inertia.  One  drop 
test  was  conducted  using  an  actual  Army  vehicle.  This  was  an  M215 
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2  1/2  ton  track.  Weight  tubs  were  used  from  8  to  22  feei  in  length, 
and  the  accompanying  modular  platform  (type  2  sitlerails)  was  used 
m  lengths  from  8  to  24  feet. 

2.  3  Extraction  Parachute  and  Extraction  Line 


The  extraction  hardware  was  furnished  by  the  Air  Force  Flight 
Test  Center,  6511th  Test  Group  (Parachute)  and  was  as  near  standard 
as  flight  safe  y  permitted.  The  deviation  from  standard  consisted  of 
an  open  link  safety  device  located  between  the  extraction  point  dis  - 
connect  and  the  confluence  point  of  the  recovery  parachute  deployment 
bridles.  The  open  link  safety  do.  ice  was  locked  after  the  load  moved 
a  preset  distance  by  a  static  lanyard  to  the  anchor  line  cable  in  the 
drop  aircraft.  Extraction  force  transfer  was  timed  to  occur  as  the  for¬ 
ward  end  of  the  load  cleared  the  aircraft  ramp. 

2.  4  Cluster  Parachute  Hardware 

2.4.1  Cluster  parachutes  tested  were  the  24  ft  DQ1  36  ft.  DQ,  and 
46  ft.  Do,  part  number  1242410,  1363610,  and  1464610  respectively. 

No  major  problems  were  observed  in  the  performance  of  the  cluster 
parachutes. 

2.  4.  2  Riser  adaptors  were  fabricated  from  type  26,  15,  000  pound 
tensile  strength  webbing  per  Gtencel  Aero  Engineering  Corporation 
d rawing  SK409- 0031.  Problems  were  encountered  with  these  risers 
bocai  se  of  two  errors.  The  first  problem  occurred  when  type  19 
webbing  was  used  inadvertently,  and  resulted  in  tensile  failure  in  drop 
test.  The  second  problem  was  in  the  improper  installation  of  chaffing 
strips,  and  this  resulted  in  stitch  failures  at  a  low  load  level  in  drop 
test, 

2.4.3  Pa  rac  hute  deployment  bags  tes  ted  we  re  SK409- 0018 , 
SK409-0017,  and  SK409-0016,  for  the  24,  36,  and  46  foot  diameter 
parachutes  respectively.  The  parachute  deployment  bags  performed 
well  in  all  tests  but  construction  should  be  with  heavier  cloth  to 
reduce  wear  and  tear  during  extended  use. 

2.  5  Fescription  of  Propellant  and  Cartridge  Actuated  Devices 

Used  Duiing  Flight  Tes  ting 
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2.  5.  I  Rocket  Initiation  System 

2,  5.  I.  i  The  firing  system  conts  incd  ! 

1.  The  ground  serving  probe. 

2.  An  M--47  percussion  detonator, 

3.  A  connecting  piece  of  two  grain/foot  PETN  mild  detonating 
fuse  (MDF). 

4.  An  output  primer  containing  one  grain  of  PETN. 

5.  The  MDF  storage  reel 

6.  An  acceptor  primer  contai  ning  one  grain  of  PETN. 

7.  A  connecting  length  of  two  grain/foot  confined  detonating  fuse 
(CDF) 

8.  An  output  primer  containing  one  grain  of  PETN. 

9-  The  gas  valve  (rocket  valve  assembly) 

2.  5.  1.  2  The  firing  system  (MDF,  CDF)  and  end  primers  were  elec¬ 
trically  shorted  to  preclude  the  possibility  of  accidental  firing  from 

static  electricity  or  RF  hazards. 

2.  5.1.  3  The  firing  system  also  included  mechanical  safetys  which: 

1.  Prevented  the  probe  from  firing  until  it  had  displaced  six 
feet  from  it's  protective  housing. 

2.  Prevented  arming  of  the  gas  valve  until  the  load  was  cleared 
of  the  drop  aircraft. 

3.  A  self  sealing  vent  which  prevented  a  pressure  buildup  in  the 
ignition  pneumatic  system  in  the  event  of  small  leaks  into  the 
manifold  system. 
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2.  5.  1  4  One  set  of  gas  vdl.x  safety  pins  and  the  probe  release 
pins  were  operated  by  lanyards  arranged  to  pull  as  the  load  rear 
suspension  slings  become  taut  This  event  occurs  at  about  two  sec¬ 
onds  from  aircraft  ramp  exit.  Using  a  calculated  separation 
velocity  of  50  fps  minimum,  pulling  these  pins  could  not  occur  closer 
than  100  feet  from  the  drop  aircraft. 

2.  5.1.  5  The  second  gas  valve  safety  was  pulled  by  an  F-1B  timer 
set  at  four  or  fi\ e  seconds  and  armed  by  the  deployment  of  the  main 
parachutes. 

2.  5.  1.  fc  Arming  lanyards  for  all  pins  wt  re  stowed  in  storage  bags. 
Payout  was  controlled  so  that  the  last  stow  out  pulls  the  safety  pin. 

If  a  lanyard  fouled  or  snagged,  arming  was  delayed  until  full  lanyard 
deployment. 

2.  5.  2  Components 

2.  5.  2.  I  M-47  Percussion  Detonator 

The  M-47  detonator  picks  up  the  mechanical  impact  of  the  ground 
sensing  probe  and  begins  the  initiation  sequence.  It  was  a  standard 
Picatinny  Arsenal  detonator  containing  a  percussion  sensitive  mixture 
and  an  output  charge  of  RDX.  Initiation  requires  an  impact  of  15 
inch- ounces  by  a  firing  pin  shaped  in  the  form  of  a  cone  of  60  degrees 
included  angle  with  a  .012  inch  flat  on  the  lip.  Assembly  of  the  M-47 
detonator  in  the  system  was  in  a  Stencel  Aero  Engineering  Corpora¬ 
tion  fabricated  housing  providing  for  support  and  a  conductive  epoxy 
bond  to  the  unconfine'l  MDF  to  assure  an  elec'rically  shorted  system. 

2 ,  5 .  2 .  2  Mild  Detonating  Fuse 

The  MDF  used  m  the  PRADS  initiation  system  conforms  to  the  Ensign- 
Bickford  Company  drawing  number  213092.  As  fabricated  for  Stencel 
Aero  Engineering  Corporation  the  MDF  unit  consisted  of  a  28  to  30 
foot  length  of  two  grains  per  foot  PETN  explosive  and  a  1.  0  grain  of 
PETN  booster  output  primer  assembled  into  an  integral  electrically 
shorted  unit. 
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2.  5.  2.  3. 


MDF  Playout  Brake 


The  brake  acted  as  a  storage  and  deployment  controlling  device; 
there  were  not  explosives  other  than  the  MDF  associated  with  the 
playout  brake. 


2.  5.  2.  4 


Confined  Detonating  Fuse 


The  CDF  initiation  system  conforms  to  Ensign- Bickford  Company 
drawing  number  213093  or  drawing  number  213099  Revision  B. 

Number  213093  was  for  use  with  a  single  rocket  pack,  213099  Rev¬ 
ision  B  was  for  use  with  tandem  rocket  packs.  Each  assembly  as 
fabricated  for  Stencel  Aero  Engineering  Corporation  contained 
approximately  36  feet  of  tw'o  grain  per  foot  PETN  explosive  and  two 
or  three  booster  primers  of  l.  0  grains  PETN  each.  In  the  larger 
load  ranges  suspension  sling  length  made  it  necessary  to  use  an 
added  eight  foot  section  made  up  to  Ens ign- Bickford  Company 
drawing  number  213093.  Further  difficulty  arose  because  of  the  lack 
of  electrical  continuity  on  part  number  213099  Revision  B.  It  was 
necessary  to  use  a  separate  length  of  wire,  18  gauge  copper  stranded, 
to  provide  the  desired  electrical  short  between  the  load  and  the 
rocket  pack. 


2.  5.  2.  5 


Gas  Valve  Assembh 


SK48- 005- 001  Revision  A,  or  SK48-C24-001  Revision  A.  The  gas 
valve  included  a  high  pressure  gas  reservoir,  a  shuttle  valve 
assembly,  dual  safety  pins,  and  automatic  or  self  sealing  vent  for 


2.  5.  3 


leaxage,  anu  a  ooosier  primer  energy  source. 


Rocket  Motor  Assembly  SK2000-1001 


The  PRADS  rccket  motor  was  fabricated  by  Nor  throp- Ca  rolina,  Inc. 
to  the  conditions  of  Stencel  Aero  Engineering  Corporation  Specifica¬ 
tion  32.6  Rocket  Motor  Ground  Proximity  Aerial  Delivery  Sys  tem. 
The  propellart  in  the  motor  was  type  HE-X12.  The  motors  were 
initiated  by  application  of  a  minimum  of  500  lbs.  per  square  inch 
pneumatic  pressure.  The  igniter  proper  contains  dual  primers 
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which  were  fired  by  independent  pneumatically 
The  propeilant  in  the  ign.ter  was  black  powder 
Net  explosive  content  of  black  powder  plus  the 
was  11  lbs.  per  rocket  motor. 

2.  5.  3.1  Rocket  Pack 

Either  the  large  or  small  Stencel  Aero  Engineering  Corporation 
fabricated  rocket  pack  contained  mounting  provisions  for  installing 
pairs  of  rockets.  Interval  manifolding  of  the  initiator  gas  was  per¬ 
formed  by  the  rocket  pack  upper  ring.  The  gas  valve,  reference 
Para.  2.  5.  2.  5,  mounted  on  the  rocket  pack,  there  were  no  other 
explosive  devices  used  on  the  rocket  pack.  Figure  2-1  shows  the 
large  rocket  pack  being  loaded  with  rocket  motors. 

2.5.4  Reefing  Line  Cutters 

Reefing  line  cutters  used  on  the  PRADS  program  were  the  M-21A 
two  second  delay  line  cutters. 

2.  5.  5  Ballistic  System  Safety  Considerations 

Past  experience  had  been  given  full  review  and  the  system  used 
reflected  experience  gained  from  the  earlier  program.  Most 
significant  was  the  design  of  an  electrical  short  throughout  the  MDF 
and  CDF  ignition  subsystem  to  eliminate  spark  gaps.  This  feature 
prevented  ignition  which  might  have  otherwise  occurred  because  of 
electrical  discharge  through  the  explosive.  Additional  protection 
was  provided  by  using  PETN  explosive  throughout  since  it  is  more 
resistant  to  ignition  by  electrical  discharge  than  was  the  previously 
used  lead  azide.  All  explosive  devices  were  safetied  until  after  the 
load  was  clear  of  the  drop  aircraft.  The  referenced  safety  devices 
were  naturally  designed  to  withstand  lock  shut  firing  without  failure. 
This  prevented  rocket  motor  ignition  until  the  load  was  clear  of  the 
drop  aircraft.  Autoignition  temperatures  of  various  explosives  used 
are  tabulated:  (Source  AMCP  -  706-1  77) 


driven  firing  pins, 
of  F  granulation. 
HE-X12  propellant 


274 


Auto-Ignition  Temp 


System 


I'-xplos  ive 


Fah. 


MDF  CDF 
Rocket  Motor 
Rocket  Motor 


PETN 

Black  Powder 
HE-X12 


522°  (After  0.1  sec.  ) 
510°  (After  0,1  sec.  ) 
Above  that  of  black 
powder 


2.6  Instrumentation  Requirements 

The  following  instrumentation  was  required  to  support  the  PRADS 
test  effort  at  El  Centro.  All  instrument  calibrations  were  maintained 
within  specified  calibration  due  dates,  and  further  all  instrument 
calibrations  are  traceable  to  the  Rational  Bureau  of  Standards  (NBS). 

2.6.1  Telemetry  Packa;  < _ 

A  twelve  channel  capability  v.as  provided.  Five  channels  of  force 
data  were  measured.  There  were  four  events  of  time  recorded. 
Either  three  rate  gyros  or  three  axis  accelerometers  occupied  the 
other  channels  of  telemetry. 

2.6.2  Load  Cells 

Bonded  strain  gauge  load  cells  were  provided  in  20,  000  lb.  ,  50,  000 
lb.  ,  and  100,  000  lb.  capacities.  A  m’nimum  of  five  of  each  size  load 
cell  were  required,  A  copy  of  the  calibration  record  of  each  load 
cell  is  on  file  at  NAF  El  Centro,  California,  with  necessary  cross 
referencing  to  provide  traceability.  The  measurement  accuracy 
was  within  +  2  percent  across  the  load  range. 

2.  6.  3  Time  Measurements 

Instrumentation  support  was  required  to  obtain  telemetry  data  on 
Tq  (time  of  drop  initia*ion  by  pilot),  Tj  (time  of  first  load  motion), 

T^  (time  of  extraction  foi-ce  transfer),  T^  (time  to  load  clears  the 
drop  aircraft  ramp).  In  addition  special  instrumentation  was 
needed  to  obtain  the  time  of  the  rocket  initiation  gas  valve  arming. 


276 


This  was  provided  by  Stencel  Aero  Engineering  Corporation  and  con 
sistid  of  a  power  supply,  microswitch  and  flashbulbs.  This  was 
used  on  inert  system  tests  only. 


2.  6.  4 


Atteh:  remote  r  s 


Accelerometers  were  required  capable  of  measuring  j;,  y,  and  z 
axis  accelerations  The  instrumentation  pro\tded  was  sensiti\e 
to  acceleiation  from  -5  g's  to  tlO  g’s  +  0.1  g.  hut  was  capable  of 
withstanding  normal  platform  impact  accelerations. 


2.  6.  5 


tc  Measurement  of  Platform 


The  pitch  roil,  and  yaw  of  the  platform  had  to  be  measured  and  for 
this  it  was  necessary  to  have  rate  gyros,  two  each,  capable  of 
measurements  of  300  degrees  per  second;  and  one  each,  capable  of 
50  degrees  per  second.  The  accuracy  range  was  +  2  1/2  degrees 
per  second 


2.  6.  6 


Space  Positioning  Data 


A  minimum  of  three  cinetheodolites  were  available  for  each  drop 
test  to  provide  space,  positioning  data. 

2.  fa.  7  Photographic  Support 


A  minimum  of  the  listed  cameras  were  required  to  support  the 
PRADS  airdrops.  Others  were  requested  at  the  time  of  the  drop 
if  special  consideration  was  warranted. 


2.  6.  7. 


Plane  to  Air  -  2  each  16  mm,  200  fps,  color. 


2.  6.  7  2  Ground  to  Air  -  3  each  16  mm,  200  fps,  color. 

2.  6.  7.  3  Ground  to  Air  -  1  each  16  mm,  100  to  128  fps,  black 

and  white.  The  film  for  this  camera  was  provided  by  Stencel  Aero 
Engineer ing  Corporation  along  with  an  exposure  rating  and  was 
shipped  immediately  after  each  test  by  the  resident  Stencel  Aero 
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Engineering  Corporation  project  test  engineer  to  Stencel  to  be 
do. eloped. 

2,  6.  7.  4  Ground  to  Air  -  1  each  70  mm,  10  to  30  fps,  color. 

2.  6.  7.  5  Stills  •  4  x  5  n<  gativc,  color  or  black  and  white  as 

request cd. 

2.  7  Data  Reduction 


The  following  data  was  required, 
noted  a  graph  was  required. 

Suspension  Sling  Force  Right  Front 
Suspension  Sling  Force  Right  Rear 
Suspension  Sling  Force  Left  Front 
Suspc  ti..  on  Sling  Force  Left  Rear 

Time  of  Drop  initiation  by  Pilot 
Time  of  Firs;  Load  Motion 
Time  of  Load  Clearing  Ramp 
Time  of  First  Gas  Valve  Safety  Pull 
Time  of  Second  Gas  Valve  Safety  Pull 
Time  of  Extraction  Force  Transfer 
Time  of  Deployment  bags  Clear 
Parachutes 

Time  oi  Each  Parachute  in  Cluster 
to  Full  Open 

Time  of  Rocket  initiation  System 
F lr ing 

Time  of  Rocket  Ignition 
Time  of  Ground  Impact 

Altitude  versus  Time 
Rate  of  Descent  versus  Time 
Total  Velocity  versus  Time 
Altitude  versus  Horizontal  Disl. 

Load  Impact  Attitude 
Load  Impact  Velocity 


Tabular  form  was  provided,  where 


TM/  Oscillograph 
TM /  Oscillograph 
TM/Oscillograph 
TM/Oscillograph 

TM/ Oscillograph 
TM/ Oscillograph 
TM/ Oscillograph 
Time  Reported  Tabular 
Time  Reported  Tabular 
TM/ Oscillograph 

Tune  Reported  Tabular 

Time  Reported  Tabular 

Time  Reported  Tabular 
Time  Reported  Tabular 
Time  Reported  Tabular 

Graph 

Graph 

Graph 

Graph 


Se  vu i  lly  C l a s s 1 1 . c a 1 1  o n 


2.  8 

U nc  las  s  if-.-.  d. 


2 .  9  Dates  of  Testing 

16  May  1968  to  2  /  February  1969. 

2.10  Tests  Conducted  By 

Personnel  of  Stent  el  Aero  Engineering  Corporation  and  the  6511th 
Test  Group  (Parachute)  under  the  direction  of  Mr.  Richard  Higgins, 
Project  Test  Engineer,  Stencel  Aero  Engineering  Corporation;  and 
Mr.  Marvin  Tingdahl,  Project  Engineer,  United  States  Air  Force. 

3.  0  TEST  PROGRAM  DESCRIPTION 

3. 1  General 

The  test  effort  on  Phase  202  was  originally  scheduled  for  27  tests  to 
be  performed  at  the  Na.al  Air  Facility,  El  Centro,  California.  The 
program  was  to  include  three  parachute  only  tests,  seven  inert 
system  flight  tests  for  establishing  flight  safety,  and  seventeen  live 
rocket  system  tests  to  demonstrate  system  operation.  The  weight 
range  tested  on  this  program  was  3550  lbs.  to  4500  lbs.  for  the 
parachute  only  system,  and  from  7500  lbs  to  35,000  lbs.  for  the 
retrorocket  system.  The  test  effort  closely  followed  the  proposed 
program.  In  all  three  parachute  only  tests  were  conducted,  twelve 
inert  system  tests  were  conducted,  and  eleven  live  rocket  system 
tests  were  conducted.  Varied  conditions  were:  airspeed,  altitude, 
load  weight,  load  position  in  the  aircraft,  extracting  force,  and  size 
and  number  of  parachutes  in  the  recovery/stabilization  cluster. 

3.  2  Test  Support 

This  report  covers  the  test  effort  conducted  on  the  PRADS  program 
at  NAP'  El  Centre,  California.  The  test  program  was  supported  by 
a  Stencel  Aero  Engineering  Corporation  project  test  engineer  and 
two  technicians,  and  by  the  United  States  Air  Force  6511th  Test 
Group  .’Parachute).  Stencel  Aero  Engineering  Corporation's 
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support  of  the  lest  program  consisted  of,  but  was  not  limited  to, 
pro\;ding  system  hardware  and  software  the  maintenance  of  sys- 
tern  hardware,  anu  by  supervising  the  packing  rigging  and  perform¬ 
ance  of  each  test  drop.  The  6511th’s  support  of  the  program  included 
but  was  not  limited  to,  an  Air  Force  assigned  project  engineer, 
technicians  as  required  to  pack  parachutes,  ng  the  platform,  and 
install  instrumentation  Facilities  and  equipment  support  included 
office  space,  parachute  packing  area,  load  rigging  area,  explosive 
storage  and  assembly  area,  data  acquisition,  data  reduction,  drop 
loads,  drop  load  handling  and  recovery  and  a  C-130  type  drop 
aircraft. 

4.  0  TEST  DATA  SUMMARY 

General 

The  following  section  contains  a  test  by  test  dosciiption.  Table  1 
includes  a  description  of  individual  test  conditions  and  a  brief 
summary  of  test  results. 
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4.  1 

SAEC  202  i.  Air  i  crco  1003-F-68 
Test  Dote; 

16  May  1968 

Pur/us  c: 

202-  1  was  a  parachute  only  system  test  of  a  3500  lb.  gross  rigged 
weight  load  pcrlormed  to  demonstrate  the  performance  of  parachute 
only  configuration. 

Conditions  and  Procedures: 

The  test  load  weighed  3550  lbs.  gross  rigged  weight.  The  suspend¬ 
ed  or  recovered  load  weighed  3150  lbs.  The  requested  release 
altitude  and  airspeed  were  1000  ft.  absolute,  and  130  knots  indicated 
airspeed.  Actual  release  altitude  and  airspeed  were  953  ft. 
absolute  and  141  knots  indicated  airspeed.  The  eight  foot  test  load 
was  mounted  on  an  eight  foot  modular  platform  and  was  extracted 
from  the  aircraft  by  a  15  foot  rmgslot  extraction  parachute  reefed 
with  a  260  inch  long  permanent  reefing  line.  During  extraction, 
and  after  a  predetermined  amount  of  load  movement  an  open  link 
safety  device  was  locked  by  a  static  lanyard  tied  off  to  the  anchor 
line  cable  in  the  C-130  drop  aircraft.  As  the  front  end  of  the 
load  was  exiting  the  ramp  of  the  drop  aircraft  extraction  force 
transfer  was  triggered.  After  extraction  force  transfer  four,  46 
foot  DQ  parachutes  with  45  foot  long  cluster  risers  were  convention¬ 
ally  deployed.  The  extraction  parachute  was  not  retained.  In  this 
test,  the  cluster  parachutes  were  reefed  to  23.  8  feet  diameter. 

Dis  reefing  was  by  two  M-2|A  two  second  delay  reefing  line  cutters 
per  parachutes  activated  at  complete  parachute  suspension  line 
deployment.  During  descent  the  load  was  suspended  by  four  equal 
length  suspension  slings  of  type  10  webbing,  8700  lbs.  per  ply,  six 
ply,  11.  66  f e ^ l  long  including  strain  links. 
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Results: 


All  items  under  evaluation  functioned  as  planned  on  this  test.  A 
malfunction  of  the  onboard  telemetry  package  caused  a  loss  of 
data  making  it  necessary  to  repeat  the  test. 

Conclusions  and  Recommendations: 

This  test  was  satisfactory  but  it  is  necessary  to  repeat  the  test 
to  fulfill  contract  obligations.  No  problems  were  observed  on  this 
test. 

4.2  Tes t  No.  : 

SAEC  202-2,  Air  Force  1048-F-68 
Test  DaLe: 


20  May  196b 

Purnos  e: 


Test  202-2  was  a  repeat  of  202-1, 

Conditions  and  Procedures: 


The  same  as  test  202-1. 

Results : 

Test  202-2  was  satisfactory,  no  problems  were  observed. 

Vertical  impact  velocity  was  24.  6  feet  per  second,  horizontal  im¬ 
pact  velocity  was  15.  6  feet  per  second. 

Peak  opening  forces  for  each  load  attachment  point  were  as 
follows: 


Right  front: 

1.  29 

G 

Left  front  : 

1.  11 

G 

Right  rear: 

1.  17 

G 
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Left  rear:  i.  17  G 

Event  times  are  taken  from  the  first  sighting  of  the  extraction 
parachute  and  are  as  follows: 

First  sighting  of  extraction  parachute  -  T 
Extraction  force  transfer  -  3.  57  seconds 
Load  clears  ramp  -  3.60  seconds 
Deployment  bags  separated  from  apexes  of  main 
parachutes  -  5. 48  seconds 
Average  time  to  cluster  inflation  -  8.  94  seconds 
Load  impact  23.26  seconds 

Load  stability  was  acceptable  on  this  test  as  defined  in  Section 
3.  5.  3.  Relerente  Figures  4.  2-1  through  4.  2-3  for  typical  force 
time  history  and  rale  of  descent  versus  time,  altitude  versus  time, 
total  velocity  versus  time,  and  altitude  versus  horizontal  distance, 
graphs  for  this  lest. 

Conclusions  and  Recommendations: 


Test  202-  2  was  satisfactory  from  a  performance  standpoint.  No 
system  hardware  sustained  damage. 


285 


86 


Horizontal  Distance  From  Launch,  Z  -  Feet 


ine  After  Launch .  -  3eco 


Fl&URL  A  c -3 


i8S 


i 


I 


i 


4 .  3  Test  N  u ,  ; 

SAFC  202-3,  Ail •  Force  1049- F- 68 
Test  Date' 


17  June  1968 


Pu  rpos  e . 

Test  202  3  was  performed  to  demonstrate  parachute  only  system  lest 
of  a  4500  lb.  gross  rigged  weight  load. 

Conditions  and  Procedures: 


Test  202-  3  weighed  4500  lbs.  gross  rigged  weight.  The  suspened  or 
recovered  load  weighted  3900  lbs.  The  requested  altitude  and  airspeed 
were  500  feet  absolute  altitude  and  130  knots  indicated  airspeed.  Actual 
release  altitude  and  airspeed  were  524  feet  absolute  and  134  knots 
indicated  airspeed  The  test  load  was  mounted  on  a  twelve  foot  modular 
platform  and  was  extracted  by  an  unreefed  15  foot  ringslot  extraction 
parachute  During  extraction,  and  after  a  predetermined  amount  of 
load  movement,  an  open  link  safety  device  was  locked  by  a  static  lany¬ 
ard  tied  off  to  the  anchor  line  cable  in  the  C--130  drop  aircraft.  As  the 
front  end  of  the  load  was  exiting  the  ramp  of  the  drop  aircraft  extraction 
force  transfer  was  triggered.  After  extraction  force  transfer  six,  46 
foot  DQ  parachutes  with  65  foot  long  cluster  risers  were  conventionally 
deployed.  The  extraction  parachute  was  not  retained  in  this  system. 

In  this  test  the  cluster  parachutes  were  reefed  to  23.  8  feet  diameter. 

Dis  reefing  was  by  two  M-21A  two  second  delay  line  cutters  per  para¬ 
chute  activated  at  complete  parachute  suspension  line  deployment.  Dur¬ 
ing  descent  the  load  was  suspended  by  four  equal  length  suspension 
slings  of  type  10  webbing,  8700  lbs.  per  ply,  six  ply,  11.  66  feet  long 
including  strain  links. 

Test  Results : 


TesL  202  3  was  satisfactory.  No  problems  were  encountered  on  this 
test.  Vertical  impact  .elocity  was  19.9  feet  per  second,  horizontal 
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impact  velocity  was  !3.  1  fcc\  v  :  second.  Maximum  opening  forces 
seen  at  each  load  attachment  point  were  as  follows: 

R  tght  front :  .  80  G 

Left  front :  .  8Q  G 

Right  rear.  1.  13  G 

Left  rca  r :  .98  G 

The  following  event  times  were  measured  from  the  first  sighting 
of  the  extraction  parachute: 

First  sighting  of  extraction  parachute  -  T 
Load  off  ramp  -3  12  seconds 
Extraction  force  ,.'.:,nsfer  -  3.14  seconds 
Deployment  bags  separate  from  apex  of  recovery 
parachutes  -  5.  52  seconds 
Average  inflation  time  of  cluster  parachutes  - 
9.7  5  s econds 

Load  impact  -  66.  70  seconds 
4.  4  Test  No: 

SA  EC  202-4,  Air  Force  1052-F-68 
Test  Dale: 


25  July  1968 

Purpos e : 

Test  202-4  was  performed  to  demonstrate  flight  safety  using  an 
inert  rochet  system  test  containing  all  system  components  with 
the  exception  of  live  rocket  motors.  Arming  delays  of  the  gas 
valve  were  to  be  demonstrated  on  this  test. 

Conditions  and  Procedures: 


The  test  202-4  was  a  7500  lb.  cross  rigged  weight  load.  The  load 
was  rigged  on  a  16  foot  modular  platform.  The  suspended  weight 
was  6900  lbs.  The  requested  release  altitude  was  500  feet 


291 


1 


absolute  and  t  lie  requested  release  airspeed  was  110  knots  indicated 
airspeed,  Actual  release  altitude  was  3 ! 9  feet  absolute  and  re¬ 
lease  airspeed  was  10b.  5  knots  indicated  airspeed.  The  11  1/2  foot 
long  test  loud  mounted  on  the  16  foot  modular  platform  weighed 
7500  lbs.  ,  gross  rigged  weight  Suspended  weight  of  this  system 
was  6900  lbs.  The  load  was  extracted  by  an  unroofed  15  foot 
ringslot  extraction  parachute.  During  extraction,  and  after  a  pre¬ 
set  length  of  load  travel  an  open  link  safety  device  was  locked  by 
a  static  lanyard  tied  to  the  aircraft.  As  the  forward  end  of  the 
load  naj  exiting  the  ramp  of  the  drop  aircraft,  the  extraction  force 
v.js  transferred  to  effect  the  deployment  of  the  main  recovery 
parachutes.  The  cluster  parachutes  used  in  this  test  were  six 
each,  24  foot  !)  flat  circular  parachutes  using  cluster  risers  37 
feet  long.  During  descent  the  load  was  suspended  by  four  equal 
length  suspension  slings  of  six  ply  type  10  webbing  15.66  feet 
long  including  strain  links. 

Results : 


Drop  202-4  was  a  successful  test.  Load  stability  was  acceptable 
in  this  test.  The  MDF/CDF  firing  system  functioned  as  designed. 

No  problems  were  revealed  in  this  test  which  would  create  any 
flight  hazard.  Load  recovery  was  satisfactory  and  no  damage  occurr¬ 
ed  to  the  test  load.  Vertical  impact  velocity  was  65.  7  feel  per 
second?  horizontal  impact  velocity  was  13  feet  per  second.  Peak 
opening  forces  for  each  sling  attachment  were  as  follows: 

R ight  front:  l.  3  G 

Left  front:  l.  57  G 

Right  rear:  1.  50  G 

Left  rca r:  1 .  52  G 

F.’ent  times  as  taken  using  the  first  sighting  of  the  extraction 
parachute  as  T  : 


First  sighting  of  extraction  parachute  -  Tq 
Load  off  ramp  -  4.  88  seconds 
Extraction  force  transfer  -  4,91  seconds 
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Deployment  bags  separated  from  apexes  of 
main  parachutes  -  6.17  seconds 
Arming  of  rocket  pack  gas  valves  -  7.  28 
seconds 

Recovery  chutes  full  open  average  inflation 
time  -  7.  62  seconds 
Load  impact  -  10.85  seconds 
Impact  velocity  -  62  fps 


4 .  5  Test  No: 

SAEC  202-  5,  Air  Force  1255-F-68 
Test  Date : 


30  July  1968 


This  test  was  an  inert  7500  lb.  system  test  and  was  performed 
to  gain  additional  data  about  the  reliability  of  the  rocket  ignition 
system  with  respect  tc  performance  and  flight  safety.  Evaluation 
of  system  performance  at  150  knots  indicated  aiispeed  was  a 
goal  of  this  test. 
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Coii'l il.ons  and  Procedures: 


The  requested  release  altitude  and  airspeed  were  500  feet  absolute 
•altitude  and  150  kr.  us  indicated  ail  speed  respectively.  Actual  re¬ 
lease  a  '..rude  was  380  feet  absolute  and  release  airspeed  was  160 
knots.  The  ;1  1/2  foot  long  test  load  mounted  on  a  16  foot  long 
modular  platform  weighed  7500  lbs.,  gross  rigged  w'eight,  Suspend¬ 
ed  weight  of  the  system  was  6900  lbs.  ?':ie  load  was  extracted  by 
an  unreefed  15  foot  nr.gslot  extraction  parachute.  During  extract¬ 
ing  and  after  a  preset  length  of  load  travel  an  open  Link  safety  device 
was  locked  by  a  stat.e  lanyard  tied  off  to  the  aircraft.  As  the  for¬ 
ward  end  of  the  toad  was  exiting  the  ramp  of  the  drop  aircraft  exlract- 
tion  force  was  transferred.  After  force  transfer  six,.  24  foot  Dq 
flat  circular  parachutes  with  27  fool  long  cluster  risers  were  con¬ 
ventionally  deployed  by  the  released  extraction  parachute.  During 
descent  the  load  was  suspended  by  four  equal  length  suspension 
slings  of  six  ply  type  10  webbing,  15.  66  feet  long  including  strain 
1  ink, 


Results: 


Drop  202-  5  was  a  successful  test.  Load  stability  was  acceptable.  A 
minor  problem  occurring  or  this  tesc  was  damage  to  two  of  the 
cluster  parachutes.  One  MUF /CDF  firing  system  did  not  operate. 
Examination  of  the  ground  sensing  probe  revealed  a  jammed  safety 
pm.  The  other  firing  system  performed  normally  and  would  have 
fired  the  rockets  had  this  been  a  live  system  test.  Load  recovery 
was  satisfactory  and  no  damage  occurred  lo  the  test  load.  Vertical 
impact  velocity  was  62.  9  feet  per  second  and  horizontal  impact 
\  eloc ity  was  13.  9  feet  per  second.  Leak  opening  forces  for  each 
sling  attachment  were  as  follows: 


Right  front: 

1.  4b 

G 

Left  front: 

1.  58 

G 

Right  rear: 

1.  30 

G 

Left  rear: 

1.  21 

G 

Event  limes  are  taker,  using  the  first  sighting  of  the  extraction  para¬ 
chute.  as  TQ. 


( 


Extraction  force  transfer  -  3.  54  seconds 
Load  of)  ramp  -  3.  62  seconds 

Depi oynient  bags  sepal  a  i  o  *j  from  apexes  -  4.  44  seconds 
Reco  .cry  parachutes  average  full  inflation  -  9.20 
sec  unds 

Load  impact  -  11.13  seconds 
Conclusions  and  Recommendations: 


Reference  the  parachute  problem  on  test  202-  5,  although  the' drop 
was  performed  at  160  knots  indicated  airspeed,  ten  knots  above 
the  maximum  design  speed  of  the  system  it  is  felt  that  the  parachute 
strength  was  marginal.  Future  consideration  of  this  system  should 
involve  strengthening  the  parachute.  The  jammed  probe  safety  pin 
was  found  to  be  caused  by  inadequate  allowance  in  tne  probe  for  oil 
expansion  due  to  high  ambient  temperatures.  Future  use  of  the 
probes  was  necessary  on  this  program  so  the  probes  were  bled  of 
small  quantities  of  oil,  checked  lor  proper  ope  ratioi .  aid  continued 
m  service  with  no  more  problems  of  this  type  occurring,  Future 
^  manufacture  of  the  ground  sensing  probes  should  allow  for  more 

V  expansion  and  contraction  in  the  hydraulic  system. 


4,  6  T  e  s  t  No,  : 

SAEC  202  6,  Air  Force  1534-F-68 
Test  Date: 

2  a  l  ( \  f  O 

<j  j-iugu.bi  nuo 

Purpose: 

This  test  was  performed  to  demonstrate  completely  system  opera¬ 
tion  of  the  small  load  range  system.  Further,  this  test  was  to 
demonstrate  flight  safely  with  a  live  rocket  system. 

C o nd 1 1 i o ns  and  Procedures : 

Test  202-6  was  a  live  system  test  of  a  7500  lb.  gross  rigged  weight 
vehicle.  Eight  SK2000  1001  rockets  were  mounted  in  the  small  load 
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range  rocket  pack.  Tin  suspended  weight  of  this  test  was  6900  lbs. 
Roques1',  d  rt'ica^i.  ait.tade  and  airspeed  were  2000  feet  absolute 
a  tit. ...it  and  -.30  knots  indicated  airspeed.  Actual  release  altitude 
and  airspeed  '.\  t  r 208  ’  feet  and  135  knots.  The  11  1/2.  foot  long 
test  load  mounted  on  a  ;6  loot  long  modular  platform  was  extracted 
P  /  an  ur, ret  led  ’5  lOeL  nr.gslot  extraction  parachute.  During  the 
ext  r  tt  tioi.  and  after  a  preset  length  of  load  travel  an  open  link  safety 
de-ice  was  locked  by  a  sialic  lanyard  tied  off  to  the  aircraft.  As 
li  e  forward  end  of  the  load  was  exiting  the  ramp  of  the  drop  aircraft 
cxtrai.  lion  force  transfer  was  triggered.  After  extraction  force  trans- 
f.  r  six  each  2-4  loot  Du  flat  circular  parachutes  with  37  foot,  long 
cluster  risers  were  conventionally  deployed.  During  descent  the 
load  w-us  suspended  by'  four  equal  length  suspension  slings  of  six 
ply  type  10  webbing,  8700  lbs.  per  ply,  15.66  feet  long  including  strain 
limes.  At  the  start  of  parachute'  deployment,  arming  cables  were 
pulled  fur  two  FlB  timers.  These  timers  after  running  the  set  four 
seconds  pulled  the  f.nai  arming  cable  to  the  gas  shuttle  valves  on  the 
ro-ket  pack.  As  the  parachutes  develop  and  the  load  assumes  a 
four  point  suspension  the  tightening  of  the  rear  suspension  slings 
causes  static  lanyards  to  become  taut  pulling  the  first  arming  pin  from 
each  gas  shuttle  valve  or.  the  rocket  pack,  and  separate  lanyards 
release  the  ground  sensing  probes  from  the  probe  protection  housings. 
After  ibe  probes  have  deployed  six  feet  from  the  protection  housings, 
they  an  armed  by  separate  static  lanyards. 

Rcsui’s: 


Parachute  deployment  and  inflation  were  normal-  Load  descent  and 
stability  were  normal,  at. cl  rocket  ignition  occurred  at  the  proper 
lime  and  was  normal.  Immediately  after  ignition  one  rocket  motor, 
serial  number  366,  failed  at  the  head  end  closure  resulting  in  total 
structural  failure-  of  the  rocket  mounting  pack.  All  eight  motors  were 
freed  from  restraint  and  were  spun  off  to  distances  as  great  as  0.  3 
miles.  Vertical  impact  velocity  was  6l  fps.  See  Figure  4.6  for  load 
angle  versus  time  curve. 

C one  his i or.s  and  Recommendations: 


1  h  i  s  test  was  unsuccessful.  The  rocket  failure  in  this  test  was 
caused  by  f«ui!y  ass  omul/  and  lacks  quality  control.  Future  occurr- 
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ences  should  be  prevented  by  more  careful  assembly,  and  by  more 
stringent  quality  control.  Also,  in  the  future  each  unit  should  be 
inspected  by  the  resident  Stcncel  representative.  It  is  recommended 
that  the  mounting  pack  for  the  rockets  be  reinforced  to  provide 
restraint  sufficient  to  retain  the  rockets  in  the  pack  in  the  event  of 
a  similar  type  malfunction. 
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b.uFC  202  7  -A  r  Force  1800  I-  -08 


Test  I_)  .j  1 1  .  ■ 


20  Aug  Jbi  1908 

Pi:  niose ' 

Tins  inert  system  test  \\dS  performed  to  demonstrate  operation  of 
the  PKrtlib  .at  the  inlcrmed  ale  load  level  with  particular  emphasis 
on  flight  safety  aspects 

Conditions  or.d  Procedures: 


Tor  this  test,  the  requested  release  altitude  was  500  absolute  and  the 
requested  release  airspeed  was  130  knots  indicated  airspeed.  The 
aetual  release  altitude  was  428  lest  absolute,  and  the  release  airspeed 
was  135  knots  indicated  airspeed  The  22  foot  long  weight  tub  mounted 
on  a  24  fo.,1  long  modular  platform  weighed  14,  100  lbs  gross  rigged 
weight  Suspended  weight  was  13,000  lbs.  Load  extraction  was 
standard  utilizing  a  22  foot  Dn  rmgslot  extraction  parachute.  After 
force  transfer  a  cluster  of  5.  36  foot  DQ  flat  circular  parachutes  were 
deployed.  These  parachutes  were  reefed  to  20.  2  feet  with  a  two 
second  dmay  on  dis  reefing.  Dis  reefing  was  activated  at  full  parachute 
suspension  line  stretch.  Cluster  parachute  risers  were  37  feet  long 
The  rocket  pack  used  was  the  large  inert  rocket  pack  ST409-033. 

During  dement  the  load  was  suspended  b)  four  equal  length  suspension 
slings  of  six  ply  type  10,  8700  lbs  per  ply  webbing  24  feet  long  includ¬ 
ing  strain  lengths  In  this  test,  the  gas  values  on  the  rocket  pack 
wen;  instrumented  with  mic  roswitclies  anti  flash  bulbs  to  record  the 
t*'  tni  of  first  arming  pin  pull,  second  arming  pm  pull  and  gas  valve 
shuttling. 

Results 

Tt  -  t  202-7  was  a  completely  successful  drop.  Load  stability  was 
acceptable.  The  MUF  /CDF  ignition  system  performed  without  flaw, 


Load  recovery  was  satisfactory  and  no  damage  occurred  to  the  test 
vehicle.  Vertical  impact  velocity  was  58  feet  per  second.  Hori¬ 
zontal  impact  velocity  was  17  feet  per  second.  Peak  opening  forces 
for  each  suspension  point  were  as  follows: 


Right  front: 

.  62  G 

Left  f  ront: 

.  74  G 

Right  rear: 

.  81  G 

Left  rear: 

.  80  G 

Event  times  arc  taken  using  the  first  sighting  of  the  extraction  para¬ 
chute  as  T  . 

o 

Conclusions  and  Recommendations: 

Test  202-7  was  acceptable  from  a  performance  standpoint.  It  is 
recommended  that  live  testing  proceed  on  this  load  configuration 
after  one  further  investigatory  drop  without  rigging  change. 

4.  8  Test  No: 

S  A  EC  202-8,  .Air  Force  1820-F-68 

Test  Date: 

15  September  1968 

Purpose: 

This  inert  system  test  was  performed  to  demonstrate  operation  of 
the  PR  ADS  system  at  the  intermediate  load  level  with  particular 
emphasis  on  flight  safety  aspects.  Additional  data  was  being 
collected  on  the  performance  of  the  ground  sensing  ignition  system. 

Conditions  and  Procedures: 

For  this  test  the  requested  release  altitude  was  500  feet  absolute, 
and  the  requested  release  was  130  knots  indicated  airspeed.  The 
actual  release  altitude  was  504  feet  absolute  and  the  release  airspeed 
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was  t30  knots  iml'.tati'd  airspeed.  The  22  fool  weight  tub  mounted 
uit  a  24  foot  long  modular  pled  form  weighed  14,1011  pounds  gross 
rigged  weight.  Tin  suspended  weight  of  the  lest  load  was  13,000 
pounds.  Load  extraction  was  standard  utilizing  a  22  toot  nngslol 
extraet'011  parachute.  During  extraction  an  open  link  safety  was 
locked  after  a  pr-  set  amount  ol  load  movement.  /XI  force  transfer, 
a  cluster  of  fm  .  3( 1  fool  Hal  circular  parachutes  were  deployed. 

The  para*  luites  wore  reeled  to  20.  2  feel  with  a  two  second  delay 
on  disrcelmg  activated  at  full  parachute  suspension  line  stretch. 

The  cluster  parachute  risers  were  37  feet  long.  Rocket  pack  used 
was  the  large  ini  rt  rocket  pack  ST409-033.  During  descent  the 
load  was  suspended  by  four  equal  length  suspension  slings  of  six 
ply  type  10  8  700  Lbs  per  ply  webbing  24  feet  long  including  strain 

links,  in  this  test  the  gas  valves  on  the  rocket  pack  were  instrumen¬ 
ted  with  mic  roswitches  and  flash  bulbs  to  record  the  events  of 
first  arming  pm  pull  second  arming  pin  pull,  and  gas  ial\e  shuttl¬ 
ing 


Results; 


Test  202  8  was  a  successful  inert  system  test.  Load  stability  was 
excellent  The  MDF/CDF  ignition  system  performed  wdthout  flaw. 
Load  recovery  was  satisfactory  and  no  damage  occurred  lo  the  lest 
vehicle.  Vertical  impact  velocity  was  51  feet  per  second.  Horiz¬ 
ontal  impact  velocity  was  10.  8  feet  per  second  Peak  opening  forces 
for  each  sling  attachment  were  as  follows; 

R  lght  front:  .  98  G 

Left  front.  .  92  G 

R ight  rear:  .78  G 

Left  rear:  1.13  G 

Event  times  are  taker,  using  the  first  sighting  of  the  extraction  para¬ 
chutes  as  T  : 

o 

Load  off  ramp  -  4  21  seconds 
Extraction  force  transfer  -  4.22  seconds 
Deployment,  bags  separated  from  apexes  -  5.  31  secs. 
Reco-  ery  parachutes  average  full  inflation  time 
-  7.  89  s  ec  ond s 
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Load  impact  -  12.63  seconds 
Conclusions  and  Recommendations: 


Test  202-8  was  completely  acceptable  from  a  performance  standpoint 
confirming  the  results  from  test  202-  7.  It  is  strongly  recommended 
that  live  testing  proceed  on  this  load  configuration  without  rigging 
alterations. 


4  9  Test  No.  : 


SA  EC  202-9,  Air  Force  1096-F-68 


Test  Da t e : 


11  September  1968 

Purpose : 


Th.s  drop  was  conducted  to  permit  flight  safety  evaluation  of  the 
PRADS  test  configuration  for  an  18,  000  lb.  load.  Also,  each  drop 
test  served  as  a  test  bed  for  the  MDF/CDF  system  to  permit  con¬ 
tinuous  surveillance  of  the  ignition  system. 

Conditions  and  Procedures: 


The  drop  vehicle  had  a  gross  rigged  weight  of  18,  190  lbs.  The  sus¬ 
pended  weight  of  the  test  vehicle  was  16,  990  lbs.  In  this  test,  the 
22  loot  weight  tub  mounted  from  a  24  foot  modular  platform  was  to 
be  extracted  from  an  altitude  of  500  feet  absolute  and  at  an  airspeed 
of  130  knots  indicated.  Actual  release  altitude  was  338  feet  absolute 
and  release  airspeed  was  138.  5  knots  indicated.  The  load /platform 
was  extracted  by  a  28  foo'  ringslot  extraction  parachute.  After 
force  transfer  a  cluster  of  seven,  36  foot  Dn  flat-  circular  recovery 
parachutes  were  conventionally  deployed.  Cluster  parachute  risers 
were  45  fret  long.  During  descent  the  drop  vehicle  was  suspended 
by  four  equal  length  suspension  slings  of  8  ply  type  26  webbing  15,000 
lbs  per  ply.  24  feet  long  including  strain  lengths. 
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Results : 


Test  202  '/  was  successful  although  the  load  impacted  at  an  extreme 
pitch  angle.  There  were  no  problems  with  load  stability.  The 
requested  release  altitude  was  500  feet  absolute,  and  the  requested 
release  airspeed  was  130  knots  indicated.  The  actual  release, 
altitude  was  338  feel  absolute.  The  low  release  altitude  appeared 
to  be  the  sole  cause  of  the  extreme  load  angle  at  impact.  The  test 
vehicle  was  not  damaged  even  under  the  extreme  conditions  at  im¬ 
pact  Vortical  impact  velocity  was  6.3  feel  per  second.  Horizontal 
impact  velocity  was  11.  0  feet  per  second.  Peak  opening  forces  for 
each  suspension  sling  were  as  follows: 

Right  front:  .  92  G 

Left  f rong:  .98  G 

R ight  rear:  .  95  G 

Left  rear:  81  G 

Event  times  are  taken  using  first  sighting  of  the  extraction  parachute 
as  T0 


Conclusions  and  Recommendations: 


This  test  appeared  to  satisfactorily  demonstrate  performance  of  the 
system  at  this  weight  range  Because  of  the  extreme  angle  of  the 
load  at  impact,  although  most  likely  due  to  the  low  release  altitude, 
it  is  recommended  that  this  test  be  repeated. 


4.10  Test  No.  : 

SAEC  202-10.  Air  Force  1923-F-68 
lest  Date: 

16  September  1968 

Pu  rptisc : 

Test  252-10  was  performed  to  demonstrate  the  PRADS  small  load 
range  delivery  system.  This  test  was  a  live  motor  system  test  with 
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emphasis  on  performance  as  related  to  flight  safety. 

Conditions  and  Procedures: 

This  drop  was  a  7r-00  lb.  gross  rigged  weight  vehicle.  Suspended 
weight  was  6900  lbs.  The  11  1/2  foot  load  mounted  on  a  16  foot 
modular  platform  was  extracted  by  an  unreefed  If  foot  ringslot 
extraction  parachute.  The  requested  release  altitude  was  2000  feet 
absolute  and  the  requested  airspeed  was  130knots  indicated.  Actual 
release  altitude  was  2085  feet  absolute  and  actual  release  airspeed 
was  13  7  knots  indicated.  Alter  force  transfer,  a  cluster  of  six, 

24  foot  D  flat  circular  recovery  parachutes  were  conventionally 
deployed.  Cluster  parachute  risers  were  37  feet  long.  Dur’ng  des¬ 
cent  the  load  was  suspended  by  four  equal  length  suspension  slings 
of  type  X  webbing  8700  lbs.  per  ply,  15.  75  feel  long  including  strain 
links.  The  load  was  decelerated  fer  impact  by  eight  oK2000-l00L 
rocket  motors  mounted  in  the  small  rocket  pack,  Drawing  No. 
SK48-001  001. 

Results : 

Test  202-10  was  successful,  all  systems  functioning  as  designed. 

The  load  was  recovered  with  no  damage  to  the  platform,  energy 
absorbing  cardboard,  load  restraint  or  test  vehicle.  Load  impact 
velocity  was  19  feet  per  second.  Minor  damage  was  sustained  by 
the  rocket,  pack  when  it  impacted  on  the  load  after  burnout.  Peak 
forces  in  each  suspension  sling  resulting  from  parachute  action 
were  as  follows 

R ighl  f  ront :  .  68  G 

I  .eft  l  rent :  .  81  G 

R l ght  rear:  . 90  G 

Left  rca  r .  1 .  34  G 

Peak  foives  in  each  suspension  sling  resulting  from  rctrorocket 
action  were  as  follows- 

R  i ght  1  run1  .  1.  36  G 

Left  f  runt :  !.  40  G 
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R  i  ghl  rear:  1 .  8  i 

Left  rear-  1  95  G 

See  Figure  410  fur  load  angle  versus  time  curve. 

E.cnt  times  are  taken  using  the  first  sighting  of  the  extraction 

pa  I'dihute  as  T  : 

1  o 

Extraction  force  transfer  -  3  95  seconds 
Load  off  lamp  3  99  seconds 
Deployment  bags  separated  from  apexes  -  4.  3 
ends 

Recovery  parachute  full  open  time  average  -  7.45 
seconds 

Rockci  ignition  -  37.  46  seconds 
Load  impact  -  37.83  seconds 
impact  velocity  -  19  fps 

Conclusions  and  Recommendations: 


Based  upon  the  performance  ol  this  lost  there  appeared  to  be  no 
particular  problems  with  the  small  load  range  system  proceeding 
to  a  demonstration  test.  The  second  test  at  this  altitude  and  air¬ 
speed  will  he  conducted  to  gather  further  data  on  system  perform¬ 
ance  with  respect  to  aircraft  and  flight  safety  Rocket  pack  rein¬ 
forcement  does  appear  necessary  if  further  use  of  this  design  is 
considered. 
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4  11 


I  e st  No 


S  m  El.  2  0  2  -  1 1  At  r  F  urcc  1 9  9  8  r  I'  -  6  8 


Tl-sI  Date: 


19  S  opt  ember  1968 

Purpo  s  c . 

Tests  202-11  was  performed  to  den  ustrate  tb>  PR  ADS  small  load 
range  system.  This  was  a  second  live  motor  system  test  performed 
to  demonstrate  flight  safety. 

Conditions  and  Procedures: 


This  test  drop  was  a  7500  lb.  gross  rigged  weight  vehicle.  Suspended 
weight  was  6900  lbs.  The  11  1/2  foot  load  mounted  on  the  16  fool  modular 
platform  was  extracted  by  an  unreefed  15  foot  ringslot  extraction  para¬ 
chute.  Af'er  force  transfer,  a  cluster  of  six,  24  foot  D()  flat  circular 
recovery  parachutes  were  conventionally  deployed.  No  reefing  was 
used  in  these  parachutes.  Cluster  parachute  risers  were  37  feet 
long  During  descent  a  load  was  suspended  by  four  equal  length  sus¬ 
pension  slmgs  of  type  10  webbing,  8700  lbs.  per  ply,  15.  75  feet  long 
including  strain  links.  The  load  was  decelerated  for  impact  by  eight 
SK2000-  1001  rocket  motors  mounted  in  the  small  rocket  pack  Drawing 
No.  SK48-001  001. 

Re  sul  is  ■ 


Test  202-11  was  completely  successful.  All  systems  functioning  as 
designed  The  requested  release  altitude  was  200  0  feet  absolute  and 
the  requested  airspeed  was  130  knots  indicated.  Actual  release 
altitude  and  airspeed  were  1947  feet  absolute  and  139  knots  indicated 
respectively.  The  load  was  recovered  with  no  damage  to  the  plat¬ 
form,  energy  absorbing  cardboard,  load  restraint,  or  test  vehicle. 
Load  impact  velocity  was  U  fps.  Minor  damage  was  sustained  by  the 
rocket  pack  when  it  collided  with  the  load  after  rocket  burnout.  Peak 
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lories  in  eai  h  suspension  sling  resulting  from  parachute  action 
Vi  e  r  :  as  foil o w s : 


Right  from 
Reft  front: 
Right  rear: 
Reft  rear: 


R  14  G 
l.  26  G 
.88  G 
.  80  G 


Peak  forces  ’.n  each  suspension  sling  resulting  from  relrorocket 
action  were  as  follows: 


Right  front: 

l.  37 

G 

Reft  1  rent  : 

1.  71 

G 

Right  rear: 

2.  01 

G 

Rcfi  r  r  a  f : 

1.  90 

G 

Set.  Figure  4-11  for  load  angle  versus  lime  curve. 

Event  limes  are  taken  using  the  first  sighting  of  the  extraction 
pa rachute  as  Tq- 

Extraction  force  transfer  -  3.96  seconds 
Road  off  ramp  -  3.  99  seconds 

Deployment  bags  separaced  from  apexes  -  4.  89 
seconds 

Recovery  parachutes  full  open  average  inflation 
time  -  7.  45  seconds 
Rocket  ignition  -  34,  508  seconds 
Road  impact  ■  35,70  seconds 
Impact  velocity  -  11  fps 

Conclusions  and  Recommendations: 


The  performance  of  this  test  indicates  there  will  be  no  problems  in 
procetdin,  with  a  small  Load  range  system  demonstration  test.  Iluc- 
kt  t  pack  reinforcement  will  be  mandatory  if  future  use  of  fhis 
design  is  desired  Although  suspension  sling  forces  were  above 
design  limits  of  I.  5  g's  per  attachment  point  during  rocket  burning, 
tins  is  a  problem  that  can  he  controlled  through  redesign  of  the 
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rocket  motor  Future  testing  will  probably  utilize  a  redesigned 
rocket  motor  and  at  this  time  this  minor  problem  can  be  considered. 


‘4,;  2  Test  No.  . 

SAEC  202-12  Air  Force  2061-F-68 


Test  Dat'’ 


26  Sept  ember  1968 


Purpose 


Te.-d  202  12  was  performed  to  demonstrate  performance  of  the  PRADS 
at  operational  altitude  and  airspeeds 

Conditions  and  Procedures' 


Teat  202-12  was  a  7500  lb.  gross  rigged  weight  test  vehicle.  Sus¬ 
pended  weight  of  the  lest  load  was  6900  lbs.  The  11  1/2  foot  load 
mounted  on  a  16  foot  modular  platform  was  extracted  by  an  unreefed 
15  foot  ringslot  extraction  parachute.  The  requested  airspeed  was 
130  knots  indicated.  Actual  release  airspeed  was  143  knots  indicated. 

After  force  transfer,  a  cluster  of  six,  24  foot  D  fiat  circular 

o 

recovery  parachutes  were  conventionally  deployed.  Cluster  para¬ 
chute  risers  were  37  lent  long.  During  descent  the  load  w<as  sus¬ 
pended  by  four  equal  length  suspension  stings  of  type  10  webbing, 

8700  lbs.  per  ply  15.  75  feel  long  including  strain  links.  .  The  load 
was  decelerated  for  impact  by  eight  SK2000-1001  rocket  motors  mount¬ 
ed  on  the  small  rocket  pack  Drawing  No.  SK48- 001- OOL. 

R  e  suits  : 

Tes!  202  12  was  a  completely  successful  system  test.  All  items  under 
e'uluation  functioning  as  designed.  The  load  was  recovered  with  no 
damage  to  the  platform,  energy  absorbing  cardboard,  load  restraint, 
or  test  vehicle.  Toad  impact  velocity  was  11  fps.  No  damage  was 
sustained  by  the  rocket  pack  alter  rocket  motor  burnout  on  this  test. 
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Peak  iuncb  m  Vi  suspension  s'u.g  resulting  from  parachute 
action  w.-re  as'  toLows,. 


Peak  fortes 
action  vs  m 


R  i  gi,  t  front 

.  71  C, 

Left  f roil'  : 

.  96  G 

R i gh  t  rear: 

1  03  G 

Lett  rear: 

No  data 

ill  each  suspension  sltr.g 

a  s  1  ol  t  ows  : 

R  i  glr'-  frot.tr 

141  G 

Left  I  runt  : 

1.60  G 

Right  rear. 

1.91  G 

Left  rear: 

No  data 

resulting  from 


ret rorockei 


Event  times  are  taken  using  the  first  sighting  of  the  extraction 
parachute  as  T  r 

Extraction  force  transfer  -  3.88  seconds 
Load  off  ramp  -  3  90  seconds 
Deployment  bags  separated  from  apexes 
-  4. 8?  seconds 

Recovery  parachutes  full  open  average 
inflation  time  -  7.  59  seconds 
Rocket  ignition  -  12.  63  seconds 
Load  impact  -  13.14  seconds 
Impact!  velocity  -  11  lps 

Reference  Figure  4.12  1  through  4.12-4  for  typical  force  versus 
time  curves,  rate  of  descent  versus  time,  altitude  versus  time, 
total  velocity  versus  time  altitude  versus  horizontal  distance 
curves  for  a  system  lest  ol  a  small  load,  and  load  angle  versus 
time  curve. 


Conclusions  and  Recommendations: 


Rased  on  this  lest  performed  at  operational  altitudes  and  airspeeds 
the  small  load  range  configuration  appears  to  be  satisfactory  for 
demonstration  th  air  cargo-  There  were  no  system  oriented  pro¬ 
blems  resulting  in  Inis  lest. 
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Tefal  No . 

S/iKC  202-13  Air  Force  2065-F-68 
Tc&l  Dal  t_ 

1  October  I y t' 8 

Pu l  oose : 

To  demonstrate  flight  safety  and  system  performance  at  the  18,  000 
lb.  load  range.  This  test  is  also  a  repeat  of  test  202-9  which  was 
dropped  too  low  to  provide  a  fair  evaluation  of  system  performance. 

Conditions  and  Procedures: 


The  drop  vehicle  had  a  gross  rigged  weight  of  18,190  lbs.  Suspended 
weight  was  16,  990  lbs.  In  this  test  a  22  foot  weight  tub  was  mounted 
on  a  24  foot  modular  platform  and  the  load  platform  extracted  by  a 
28  foot  ringslot  extraction  parachute.  Requested  release  altitude  was 
500  feet  absolute  and  requested  release  airspeed  was  130  knot.'  indica¬ 
ted.  Actual  release  altitude  was  512  feet  and  actual  release  airspeed 
was  138  knots  indicated.  After  force  transfer  a  cluster  of  seven,  36 
foot  D  flat  circular  recovery  parachutes  were  conventionally  de¬ 
ployed.  Cluster  parachute  risers  used  in  this  test  were  45  feet  long. 
During  descent  the  drop  vehicle  was  suspended  by  four  equal  length 
suspension  slings  of  8  ply  type  26  webbing,  15,000  lbs.  pei  ply,  24 
feet  long  including  strain  links. 

Results : 


The  load  was  successfully  recovered  and  system  stafcTity  was  good. 
The  rocket  ignition  system  functioned  100  percent  on  one  firing  sys¬ 
tem.  Tht  othei  firing  system  operated  up  to  a  failure  in  the  CDF. 
The  CDF  had  been  overloaded  and  had  parted  approximately  mid¬ 
way  along  its  length  Maximum  suspension  sling  forces  were  right 
front  -  .  93  G  .  left  front  -  1.  00  G  ,  right  rear  -  l.  15  G  ,  and 
left  rear-  .98  G  . 
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Event  limes  were  measured  using  the  first  sighting  of  the  extract¬ 
ion  parachute  as  T0: 

Load  off  ramp  -  3.  97  seconds 
Extraction  force  transfer  -  3.  92  seconds 
Deployment  bags  separated  from  apexes  -  5.0:3 
s  econds 

Recovery  parachutes  full  open  average  -  7.  69 
seconds 

Load  impact  -  14.  23  seconds 
Impact  velocity  -  63  fps 

Conclusions  and  Recommendations: 


This  test  satisfactorily  demonstrated  performance  at  the  18,  000  lb. 
weight  range.  The  apparent  problems  on  test  202-9  are  concluded 
to  have  been  directly  related  to  the  lower  than  requested  release 
altitude. 


4.  14  Test  No.  : 

SAEC  202-14,  Air  Force  2101-F-6S 
Test  Date: 


15  October  1968 

Purpose: 

Test  drop  number  202-14  was  conducted  for  the  purpose  of  demonstra¬ 
ting  system  performance  at  the  intermediate  weight  range,  14,000 
lbs.  gross  rigged  weight. 

Conditions  and  Procedures: 

The  14,  100  lb.  gross  rigged  weight  drop  load  was  extracted  by  a  22 
foot,  ringsjot  extraction  parachute.  The  load  had  a  suspended  weight 
of  12,  560  lbs.  The  requested  release  altitude  was  500  feet  absolute, 
actual  release  altitude  was  539  feet  absolute.  The  release  airspeed 


requested  was  130  knots  indicated  airspeed,  actual  release  airspeed 
was  148  knots.  A  twelve  knot  tail  wind  gave  this  high  reading,  actual 
airspeed  was  approximately  136  knots  indicated.  After  force  trans¬ 
fer  five.  36  foot  D0  flat  circular  parachutes  were  deployed  convention¬ 
al.  y.  The  cluster  parachute  risers  were  37  feel  long.  A  large 
rocket  pack  was  used  and  mounted  in  the  rocket  pack  for  14  SK2GOO- 
1001  rocket  motors.  Probe  reclout  length  was  26  feet  and  there  was 
no  delay  between  release  of  the  first  and  the  second  probe. 

Resul  is : 

Extraction,  deployment,  and  inflation  were  normal.  The  load  had  a 
higher  pitch  rate  than  test  202-7,  and  202-8  but  stability  was  accept¬ 
able.  Rocket  ignition  was  nurn  al.  Because  of  probe  osci’lation 
the  probes  fired  too  near  the  ground  and  burned  only  0.195  seconds 
prior  to  impact.  The  remaining  rocket  energy  was  sufficient  to 
pick  up  the  load  and  to  turn  the  load  around  180  .  The  load  was  not 
overturned  or  damaged  The  rocket  pack  was  destroyed  when  the 
load  in  the  unusual  conditions  present  landed  on  the  rocket  pack  at 
impact.  One  CDF  system  failed  due  to  tension  overload.  This  was 
a  material  break  and  was  not  a  design  failure.  Peak  forces  in  the 
suspension  slings  from  the  parachutes  were  as  follows: 

R ight  front:  1.99  G 

Left  front:  2.  27  G 

Right  rear:  1.  41  G 

Left  rear;  1.  23  G 

Peak  forces  in  the  suspension  slings  from  he  rocket  reaction 
were  as  follows: 

Right  front:  2.2  2  G 

Left  front:  1.  86  G 

Right  rear:  i.  74  G 

Left  rear:  1.  79  G 

See  Figure  4-14  for  load  angle  versus  time  curve.  Event  data  times 
are  taken  using  the  first  sighting  of  the  extraction  parachute  as  To: 

Extraction  force  transfer  -  3.  78  seconds 
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LOAD  ANGLE  VS  TIME  TEST  NO.  202-14 
Figure  4.14 
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(.cr  i  ius  ions  and  Recommendations  : 


The  t--hi  cl;-,  not  successful.  The  problem  with  ignition  too  near 
tie.  ground  is  an  ignition  system  design  problem,  and  for  ltlure  test¬ 
ing  one  pr  ibc  will  be-  released  two  seconds  after  the  first.  This 
will  permit  each  probe  to  have  a  separate  oscillation  period,  and 
chances  -am:  good  that  one  probe  will  file  at  proper  height. 
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4  .  1  “•  1  \n 

SAF.’C  202-15.  Air  Force  2184  F- 68 

T » •  b  t  D  d  t  c : 

24  October  1968 

Purpose: 

This  test  was  conducted  to  obtain  performance  data  on  a  24,  000  lb. 
load  with  emphasis  on  flight  safety. 

Conditions  and  Procedures: 

The  24,  000  lb.  gross  rigged  weight  drop  test  load  was  extracted  by  a 
28  foot  ringslot  extraction  parachute.  The  load  had  a  suspended 
w>cight  of  21,400  lbs.  The  requested  release  altitude  for  this  drop 
was  1000  feet  absolute  and  the  requested  release  airspeed  was  130 
knots  indicated.  Actual  altitude  and  airspeed  are  not  available  be¬ 
cause  the  drop  was  released  approxima tely  30  seconds  early.  After 
force  transfer  the  extraction  parachute  deployed  a  cluster  of  six, 

46  foot  D0  flat  circular  parachutes.  The  cluster  parachute  risers 
were  53  feet  long.  Two  inert  large  rocket  packs  were  used  on  this 
drop,  one  attached  to  the  other  by  six,  3  foot  long  eight  ply  suspen¬ 
sion  slirgs  constructed  of  type  26  webbing  (15,  000  lbs.  per  ply).  The 
drop  test  load  was  suspended  during  descent  by  four  equal  length 
suspension  slings  of  10  ply  type  10  webbing  8700  lbs.  per  ply,  24 
feet  long  including  strain  links.  Probe  reelout  length  was  26  feet 
long  and  on  this  test  one  probe  was  altered  so  that  it  was  released 
two  seconds  after  the  first  probe.  The  alteration  involved  res¬ 
training  the  probe  with  550  lb.  cord  and  cutting  the  cord  at  the 
proper  time  with  an  M2‘l  two  second  delay  reefing  line  cutler. 

Results : 

This  test  was  released  from  the  drop  aircraft  approximately  30 
seconds  early.  From  evidence  available  this  drop  was  satisfactory. 
There  is  no  acceptable  space  positioning  or  event  timing  on  this 
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drop  sim  •;  i!  w»s  r'.ivdscd  cariy.  it  w  11  be  necessary  to  repeat 
tins  ten  at  a  'jtef  time  for  data.  One  CD F  tram  was  broken  approx¬ 
imately  midway  a  :mg  its  length  due  to  tension  overload. 

Com  ms  .ons  and  Recommendations: 


Test  2>2!5  appiarrd  easily  capable  oj  dropping  at  500  feet  absolute. 
Tnt  next  test  of  (Ins  weight  range  vt  ill  be  airdropped  at  500  feet 
absmute  altitude  and  at  an  airspeed  of  130  knots  indicated. 


4  16  Test  Mo  • 

SAEC  202-16,  Air  Force  2235-F-68 
Test  Date' 

30  Oc  tobc  r  1968 

Purpose: 

To  establish  the  possibility  of  using  one  parachute  only  in  the  para¬ 
chute  recrcrocket  mode  of  delivery.  System  stability  will  be  evaluated 
since  there  is  some  question  whether  without  fer  parachute 
damping  load  stability  will  be  acceptable  at  the  required  time  of  roc¬ 
ket  ignition. 


Conditions  and  Procedures: 


Test  202  16  was  in  inert  system  test  of  a  5480  lb.  gress  rigged 
weigh'  drop  load.  Suspended  weight  was  5100  lbs.  The  eight  foot  tub 
mounted  on  a  12  font  modular  platform  was  extracted  from  the  C130 
drop  aircraft  at  an  altitude  oi  430  feel  absolute,  and  at  an  airspeed 
of  139  5  knots  indicated.  Requested  release  altitude  and  airspeed 
w-re  500  feet  absolute  and  130  knots  indicated  respectively.  After 
extraction  lorce  transfer,  a  single  46  foot  D0  flat  circular  parachute 
was  conventionally  deployed.  The  parachute  riser  was  eight  feet 
long  During  descent  th*  load  was  suspended  by  four  equal,  length 
suspension  slings  of  six  ply  type  10  webbing.  8700  lbs.  per  ply,  12  75 
ie<  t  long  including  strain  link t  . 
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Tins  test  drop  do  mu  ns  I  r0  tod  satisfactory  stab. lily  for  use  with  the 
parjihute  let  ror  oc  del  cumbmation.  All  syslei  is  under  evaluation 
performed  well.  T'h.e  MDF  firing  system  functioned  normnllv. 

The  GDI  portion  of  the  ignition  system  was  not  used  on  this  drop 
since  there  would  be  no  particular  problems  with  use  of  the  GDI'. 
Maximum  forces  in  each  suspension  sling  were  as  follows: 

Right  front'  l.  28  G 

Lt  it  front:  .  91  G 

Right  rear:  1.87  G 

Left  r; a  r :  1 .  46  G 

Event  times  are  reported  using  the  first  sighting  of  the  extraction 
parachute  as  T^: 

Extraction  force  transfer  3.  35  seconds 
Load  off  ramp  -  3.  50  seconds 

Deployment  bags  separated  from  apexes  -  4.  12 
seconds 

Recovery  parachutes  full  opened  -  5.  31  seconds 
Load  impact  -  12.  48  seconds 
Impact  velocity  ■■  62  fps 

Conclusions  and  Recommendations: 

It  appears  from  this  test  that  the  concept  evaluated  w’ould  be  satis¬ 
factory  for  use  with  the  relrorockets  in  the  small  load  range.  Prior 
to  use  in  this  s^st-  m  for  live  tests  further  drops  are  recommended. 

4.17  Test  No.  : 

SAEC  202-17,  Air  Force  2247-F-68 
Test  Date: 

7  November  1968 

Purpose : 


1  i/  n  p;-a'  t<  ■-  t  202  ’.5  and  gam  performance  data  on  the  24,000  lb 
test  with  respect  t  3  fight  safety 

C  unclilu;!'!  and  Procedures: 


The  24  000  lb  gross-  rigged  weight  drop  test  load  was  extracted  by 
a  28  foot  0o  sxli'iif  t.ori  parachute.  Tin:  toad  had  a  suspended  weight 
of  21  400  lbs.  Requested  re'ease  altitude  and  airspeed  were  500 
1  v.t  abso.ute  and  30  knots  mdi.aled  respectively  .Actual  release 
altitude  and  -jtrspi-d  vnr;  526  feet  absolute,  and  134.  5  knots  indicated 
After  tori  e  transfer  the  extraction  parachute  deployed  a  cluster  of 
fi.e  46  to.l  Tal  circular  parachutes  The  cluster  parachute 
risers  wire  53  feet  tong  Two  inert  large  rocket  packs  were  used  on 
th.s  drop  or,  aUacned  t''  the  other  by  six  3  fei  t  long  eight  ply  sus¬ 
pension  r-.  trigs  constructed  of  type  26  wc  bbmg  \15,000  lbs.  per  ply). 
The  drop  lest  load  was  su.. pended  during  descent  by  four  equal  length 
Suspension,  stings  of  six  ply  type  26  webbing  15,000  lbs.  per  ply,  22 
fret  long  including  strain  links.  P;  -;be  re-  lout  length  was  28  feet 
and  on  this  test  and  «1.  future  tests  one  probe  was  altered  so  that  it 
was  r«  h'as  -d  two  seconds  after  the  first  probe.  The  alteration 
in  o'  -cd  restraining  the  probe  with  550  lb.  cord  and  cutting  the  cord 
at  thi  proper  tuna  with  an  M2i  two  second  delay  reefing  line  cutter. 

R_<  s_u  Its 

Test  202  7. 7  was  completely  successful.  The  use  of  five  parachutes 
appeared  adequate.  Kt.gh!  safety  was  successfully  demonsti  ated 
w.th  this  weight  range  load  an  1  rigging  configuration.  The  use  of 
six  parachutes,  on  202-15  was  planned  but  better  utilization  of  para¬ 
chutes,  is  obt  lined  using  five  for  a  load  of  this  weight  range.  Both 
rocket  firing  systems-  operat  d  normally.  Peak  forces  in  each  sus¬ 
pension  sl.ng  were  as  fob  Owe. 

R  l  ghl  f  rent  .96  C 

Belt  (rc'nf  96  G 

K i ght  re  t r  .  96  G 

Left  rear  96  C 

At:  suspension  sung  forces  were  under  the  1.5  G  per  attachment 
point  '.run  E.<  r,t  nines  are  taken  using  the  first  sighting  of  the 
extraction  pal'achite  as  T  ' 


Extraction  force  transfer  -  4.2L  seconds 
Load  off  ramp  *  4.  31  seconds 

Deployment  bags  separated  from  apexes  -  5.47 
sec  onds 

Recovery  parachutes  full  opened  average 
inflation  time  -  7.  78  seconds 
Load  impact  -  13.06  seconds 
Impact  velocity  -  6)  fps 

Coni  fusions  and  Recommendations: 


This  test  configuration  appeared  satisfactory  from  progressive  to 
live  tests.  It  is  recommended  that  live,  system  tests  proceed  on 
this  weight  range  without  rigging  change. 


4.  18  Test  No.  : 

SAEC  202-  1  8,  Air  Force  2424-F-68 
Test  Date: 

5  Decembe r  1968 

Purpose: 

To  investigate  the  performance  envelope  on  the  35,000  lb.  system. 
Primary  emphasis  will  be  on  rigging  techniques  and  flight  safety. 

Conditions  and  Procedures: 


The  35.  000  lb  gross  jigged  weight  test  vehicle  was  extracted  by 
dual  28  foot  D()  ringslot  extraction  parachutes.  The  test  load  had  a 
suspended  weight  of  32,  300  lbs  The  requested  release  altitude  was 
600  feet  absolute,  and  the  requested  release  airspeed  was  137  knots 
indicated.  Actual  release  altitude  and  airspeed  were  570  feet  ab¬ 
solute,  and  141.5  knots  indicated  respectively.  After  force  transfer 
the  extraction  parachute  deployed  a  cluster  of  seven,  46  foot  DQ 
flat  circular  parachutes.  The  cluster  parachute  risers  were  53 
feet  long.  In  this  drop  the  cluster  parachutes  were  reefed  to  24 
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i*:  (  diinu'i'r.  Reef.ng  Lr.-t  cutt-.r  actuation  was  at  complete  para¬ 
chute  s’isper.£i'jn  lint,  stretch  and  disreef’.ng  occurred  two  seconds 
later  Two  inert  roi  k*- 1  packs  were  used  on  this  test,  one  attached 
above  tne  other  The  drop  toad  was  suspended  during  descent  by 
eight  length  suspension  slings  attached  at  four  places  on  the 

test  veh.c.e.  Tne  suspension  stings  were  each  constructed  of 
eight  ply  type  26  webbing  15  000  lbs.  per  ply. 

Ryjs  u  |  ts 

Test  202-18  performed  satisfactorily  but  lost  three  of  the  cluster 
parachutes  to  two  causes  Two  of  the  parachutes  failed  at  the 
riser  adaptors.  One  riser  adaptor  was  fabricated  from  type  10 
webbing  the  other  from  type  19  webbing  and  type  26  mixed.  The 
type  10  webb.ng  lailtd  in  tensile  tests  at  6660  lbs.  per  ply.  The 
type  19  webbing  faned  -at  10.  140  lbs.  per  ply.  Also,  two  types  of 
failure  existed-  TV*-or..-  on  the  type  10  webbing  was  a  tensile  over¬ 
load  type  fain. ire  and  the  other  on  the  type  T9  webbing  was  primarily 
a  stitch  failure.  Th.-.  other  parachute  lost  was  caused  by  a  failed 
riser  extension.  The  webbing  was  type  10  six  ply  and  failed  m  lab 
tensile  tests  at  6000  lbs  per  ply  as  opposed  to  rated  8700  lbs.  per 
ply  The  cluster  parachures  suffered  damage  on  this  drop.  Peak 
forces  in  each  suspension  sling  were 

Right  front.  1  00  G 

Left  t  ror.t :.  1.13  G 

Right  rear  .  74  G 

Left  rear  .  66  G 

Event  times  are  taken  using  the  first  sighting  of  the  extraction  p?ra- 

c  hn  M  a  s  T  : 

o 

Load  off  ramp  -  4.  33  seconds 
Extraction  force  transfer  -  4,50  seconds 
Deployment  bags  separated  from  apexes  -  5.88 
sec  onds 

Recovery  parachutes  full  opened  average  -  8.  82 
sec  onds 

Load  impact  •  11.  85  seconds 
.Impact  vciOi  ltv  -  61  fps 
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Conclusions  and  Recommendations: 


Drop  202-18  demonstrated  a  need  for  more  careful  riser  design 
and  :  election  It  is  recommended  that  this  test  be  repeated  using 
all  type  26  riser  adaptors. 


4  19  Test  No.  : 

SAEC  202-19,  Air  Force  2544-F-68 
Test  Dale: 

10  December  1968 

Purpose: 

Test  drop  202-19  was  conducted  for  the  purpose  of  demonstrating 
system  performance  at  the  intermediate  weight  range,  14,  000  lbs. 
gross  rigged  weight. 

Conditions  and  Procedures: 


The  14,  100  lb.  gross  rigged  weight  drop  load  was  extracted  by  a 
22  foot  ringslot  extraction  parachute.  The  load  had  a  suspended 
weight  of  12,  560  Lbs.  The  requested  release  altitude  and  airspeed 
were  500  feet  absolute  and  130  knots  indicated  respectively. 

Actual  release  altitude  and  airspeed  were  523  feet  absolute  and  140 
knots  indicated.  After  force  transfer  three  46  foot  D0  flat 
circular  parachutes  were  deployed  conventionally.  The  cluster  para¬ 
chute  risers  were  45  feet  Long.  A  large  rocket  pack  was  used  and 
mounted  in  the  rocket  pack  were  fourteen  SK2000-10Q1  rocket  motors. 
Probe  reelout  length  was  28  feet  and  there  was  a  delay  of  two  sec¬ 
onds  between  the  release  of  the  first  and  the  second  ground  sensing 
p  robe 


R  e  suits  ; 

This  test  was  completely  successful.  The  load  exhibited  the  same 
characteristics  as  202-  14  but  rocket  firing  was  at  the  proper  altitude 
and  load  recovery  was  complete.  Peak  forces  in  the  suspension 
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simps  from  the  parachutes  were  as  follows 

R ight  front :  2.  34  G 

Let  t  front  2.  3[  q 

R  ight  rea  r  1 .  29  G 

Left  rear  1,  42  G 

Peak  lon.es  in  the  suspension  sungs  from  the  rocket  reaction  were 
as  follows: 

R  ight  l  rout :  i.  93  G 

Left  front'  2.  04  G 

Right  rear •  L  52  G 

Left  rear:  l  55  G 

Event  data  times  are  taken  using  the  first  sighting  of  the  extraction 
parachute  as  T  : 

Load  off  ramp  4.  19  seconds 
Extraction  force  transfer  -  4.  37  seconds 
Deployment  bags  separated  from  apexes  -  5.  59 
seconds 

Recovery  parachutes  full  open  -  7-.  63  seconds 
Rockets  fire  -  13.24  seconds 
Load  impact  -  13  74  seconds 
Vertical  impact  velocity  -  17  fps 

Reference  Figures  4.. 19.  I  through  4  19-  4  for  typical  force  versus 
time  altitude  versus  time,  rate  of  descent  versus  time,  total 
velocity  versus  time  a  trajectory  curve  for  a  14,000  pound  live 
system  test,  and  a  load  angle  versus  time  curve. 

C one  1  us i_on s  and  Recommendations  : 

Test  202-  19  successfully  demonstrated  system  operational  the 
14.  000  lb.  level.  The  probes  timed  to  be  released  ''wo  seconds 
apart  seemed  to  insure  ignition  at  sufficient  altitude  for  load 
recovery.  No  changes  are  recommended  in  this  system  if  further 
testing  is  to  be  conducted. 


i 


i 


aN  GLij 
DEGRESS 


120  1 


100 


80 


60 


t 


40 


20 


TIME- SECONDS 

LOAD  ANGLE  VS  TIME  TEST  NO. 


8 

202 


Figure  4.19-1 


C 


329 


ALTITUDE,  RATE  OF  DESCENT  AND  TOTAL  VELOCITY  VERSUS  TIKE  TEST  NO.  202 

Figure  4.19-3 
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4.  20 


TVs'  No: 


SAEC  202-20,  Air  Force  2601-F-68 
Test  Outer 


16  December  1068 

IHi  rpose  • 

To  investigate  the  performance  envelope  of  the  35,000  lb  system. 
Primary  emphasis  will  be  on  flight  safety,  rigging  techniques. 

Conditions  and  Procedures: 


The  35,000  lb.  gross  rigged  weight  drop  test  load  was  extracted 
by  dual  28  foot  DQ  rmgslot  extraction  parachutes.  The  test  load 
had  a  suspended  weight  of  32,  300  lbs.  The  requested  release 
altitude  was  600  feet  absolute  and  the  requested  release  airspeed 
v.as  137  knots  indicated.  The  actual  release  altitude  and  airspeed 
were  646  feet  absolute  and  150.  5  knots  indicated  respectively. 

After  force  transfer,  the  extraction  parachute  deployed  a  cluster 
of  seven,  46  foot  DQ  flat  circular  parachutes.  The  cluster  para¬ 
chute  risers  were  53  feet  long.  In  this  drop  the  cluster  parachutes 
were  reefed  to  24  feet  diameter.  Line  cutters  activated  at  com¬ 
plete  parachute  suspension  line  stretch  disreefed  the  parachutes 
after  a  two  second  interval. 

R  e  suits : 

Test  202-  20  performed  satisfactorily  but  lost  one  parachute  out 
of  the  cluster  of  seven.  This  parachute  failure  was  due  to  a 
riser  extension  which  apparently  failed  due  to  a  simple  over¬ 
load.  This  riser  was  constructed  of  six  ply  type  10,  8700  lbs. 
per  ply  tensile  strength  webbing  Peak  forces  in  each  suspen¬ 
sion  sluig  were: 

R  lght  front :  1.  03  G 

Left  front :  .  92  G 
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Right  rear. 

Lcf  root  r 

Event  nnn  s  uri  taken  using  tlv  first  sighting  of  the  extraction 

parse hute  is  T  : 

‘  o 

Load  off  ramp  -  4.  26  seconds 
Extraction  force  transfer  -  4.  31  seconds 
Deployment  bags  separated  from  apexes  -  5.  56 
Sr  conds 

Ileco-ery  parachutes  full  open  average 
inflation  time  -  8.  57  seconds 
Load  impact  -  13.  73  seconds 
Vertical  impact  velocity  -  57  fps 

Conclusions  an d  Recommendations: 

Drop  202-20  demonstrated  successful  recovery  of  the  35,000  lb. 
load  There  were  no  problems  related  to  aircraft  safety.  It  was 
decided  to  proceed  to  a  live  35,  000  lb.  test  based  on  the  informa¬ 
tion  gained  m  this  test. 


87  G 


4.  21  Test  No  : 

S  AEC  202-  21.  Air  Force  2587- F- 68 
Test  Date: 

19  December  1968 

Pn rpos e : 

To  demonstrate  system  performance  at  the  18,  000  lb.  weight 
range  Dual  large  rocket  packs  were  used  to  demonstrate  the 
large  load  range  concept. 

Conditions  and  Procedures: 


Drop  No.  202  21  was  a  live  rocket  18,000  !b  gross  rigged  weight 
system  test.  Suspended  weight  was  16,000  lbs.  A  22  foot  tub 
mount*,  d  on  a  24  loot  modular  platform  was  extracted  by  a  28  foot 
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ritlgblUl  CXIIdUlUil  pdiduiuic. 

four  46  foot  DQ  flat  circular  parachutes  were  conventionally  deployed. 
The  cluster  parachute  risers  were  45  feet  long.  The  requested 
release  altitude  was  500  feet  absolute.  The  requested  release  air¬ 
speed  was  130  knots  indicated.  The  actual  release  altitude  and  air¬ 
speed  were  436  feet  absolute  and  122.  5  knots  indicated  respectively. 
During  descent  the  load  was  suspended  by  four  equal  length  suspen¬ 
sion  slings  of  8  ply,  type  26  webbing  (15,000  lbs.  per  ply)  24  feet 
long  including  strain  links.  Two  large  rocket  packs  were  used  with 
nine  SK2000-1001  rocket  motors  mounted  in  each  rocket  pack.  The 
rocket  ignition  system  used  had  a  28  foot  probe  reelout  length  and  a 
two  second  delay  between  the  first  and  the  second  probe. 

Results : 

Test  202-21  successfully  demonstrated  performance  of  the  PRADS 
at  the  18,  000  lb.  weight  range.  There  were  no  problems  with  per¬ 
formance  or  system  hardware.  Maximumforr.es  in  the  suspension 
slings  from  the  parachute  system  were  as  follows: 


Right  front: 
Left  front: 
Right  rear: 
Left  rear: 


l.  34 
1.  27 
l.  23 
l,  15 


G 

G 

G 

G 


Maximum  forces  in  the  suspension  slings  due  to  the  rockets  was: 


Right  front: 
Left  front: 
Right  rear: 
Left  rear: 


l.  55  G 
1.  51  G 
No  data 
l.  53  G 


Event  times  are  taken  using  the  first  sighting  of  the  extraction  para¬ 
chute  as  T„: 


Load  off  ramp  -  3.  95  seconds 
Extraction  force  transfer  -  4.13  seconds 
Deployment  bags  separated  from  apexes  -  5.  43 
seconds 


7  A  7 


ccrGnr 
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Rockets  fire  -  11.64  seconds 
Load  impact  -  1.2.  35  seconds 
Impact  velocity  -  27  fps 

Reference  Figures  4  21-1  through  4.21-4  for  force  versus  time, 
altitude  versus  time,  rale  of  descent  versus  time,  total  veloc  ity 
versus  time,  and  altitude  versus  horizontal  distance  curves,  for  an 
18,000  pound  live  system  test,  and  a  load  angle  versus  tune  curve. 

Conclusions  and  Recommendations: 


This  test  was  completely  satisfactory.  No  changes  are  recommended 
for  this  tesL  configuration. 


ALTITUDE  VERSUS  HORIZONTAL  DISTANCE  TEST  NO-  LOT- 21 
Figure  4,21-2 
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4.  22 


Tost  No.  : 


SAEC  202  22,  Air  Force  2609-F-68 
Tost  Date: 


27  December  1968 

Pu  t-pos  c : 

To  demonstrate  system  operation  at  the  large  Load  range  level. 
Conditions  and  Procedures: 


Drop  No.  202-22  was  a  Live  rocket  system  test  having  a  gross  rigged 
weight  of  24,000  lbs.  The  suspended  weight  of  the  test  load  was 
21,  200  lbs.  The  22  foot  weight  tub  mounted  on  a  24  foot  long  modular 
platform  was  extracted  by  a  28  foot  ringslot  extraction  parachute. 
After  force  transfer  a  cluster  of  five,  46  foot  DQ  flat  circular  para¬ 
chutes  were  conventionally  deployed.  The  cluster  parachute  risers 
were  53  feet  long.  The  requested  release,  altitude  and  airspeed  were 
500  feet  absolute,  and  130  knots  indicated.  The  actual  release  al¬ 
titude  and  airspeed  were  473  feet  absolute  and  120  knots  indicated 
respectively.  During  descent  the  load  was  suspended  by  four  equal 
length  suspension  slings  of  eight  ply,  type  26  webbing,  15,000  lbs. 
per  ply,  24  feet  long  including  strain  links.  .  Two  large  rocket 
packs  were  used  each  holding  twelve  SK2000-1001  rocket  motors. 

The  rocket  ignition  system  used  had  a  28  foot  probe  reelout  length 
and  a  two  second  delay  between  the  release  of  the  first  probe  and  the 
second  probe. 

Results  : 


Test  202-22  successfully  demonstrated  performance  of  the  PRADS 
at  the  24,  000  lb.  weight  range.  System  stability  was  excellent  during 
descent  and  rocket  burning.  In  the  lower  rocket  pack  one  of  two 
FIB  timers  used  to  delay  arming  of  the  gas  shuttle  valves  until  the 
load  is  well  cleared  of  the  drop  aircraft  (approximately  4  seconds 
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after  force  transfer,1  failed  to  exert  enough  force  to  break  a  safety  tie 
and  so  did  not  arm  one  gas  valve  on  the  lower  rocket  pack.  The 
other  valve  functioned  and  both  valves  operated  in  the  upper  rocket 
pack.  No  explanation  is  available  for  the  low  force  from  the  FIB 
timers  Maximum  forces  in  the  suspension  slings  from  the  para¬ 
chute  system  were  as  follows: 

Right  front:  .  96  G 

Left  front.  1.0  5  G 

Right  rear:  l.  04  G 

Left  rear:  1.06  G 

Maximum  forces  in  the  suspension  slings  from  the  r etr orockets 
were  as  follows: 


Right  front 

l.  55 

G 

Left  front: 

1.  75 

G 

Right  rear: 

1.  08 

G 

Left  rear: 

1.  03 

G 

The  parachute  suspension  sling  forces  were  all  well  within  the  1.  5  G 
maximum  force  per  attachment  point  limit.  The  rocket  sling  forces 
were  slightly  over  the  l.  5  G  maximum  limit.  Event  times  are  taken 
using  the  first  sighting  of  the  extraction  parachute  as  T  : 

Load  off  ramp  -  4.  53  seconds 

Extraction  force  transfer  -  4.  75  seconds 

Deployment  bags  separated  from  apexes  -  6.  20  seconds 

Recovery  parachutes  full  open  average  -  8.  45  seconds 

Rocket  fire  -  U.  90  seconds 

Load  impact  -  12.  55  seconds 

Impact  velocity  -  20  fps 

Re  fe  re  nee  Figures  4.22.  1  through  4  22.4  for  typical  force  versus  time, 
a'titude  versus  time,  rate  of  descent  versus  time,  total  velocity 
versus  time,  and  altitude  versus  horizontal  distance  curves  for  a 
24,000  pound  live  system  test,  and  a  load  angle  versus  time  curve. 

Conclusions  and  Recommendations: 

This  drop  was  completely  successful.  No  system  or  rigging  changes 
are  recommended  for  this  test  configuration.  Removal  of  the  FIB 
timer  is  recommended  for  future  applications. 


ALTITUDE  VERSUS  HORIZONTAL  DISTANCE 
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4.  23 


Test  No 


SAEC  202-  23,  Air  Force  2623-F-68 
Test  Date: 


2  January  1969 

Purpose: 

To  demonstrate  system  operation  at  the  largest  load  level. 

Conditions  and  Procedures: 

Drop  No.  202-23  was  a  large  rocket  system  test  having  a  gross 
rigged  weight  of  35,  000  lbs.  Suspended  weight  was  32,  700  lbs. 

The  22  foot  weight  tub  mounted  on  a  24  foot  long  modular  platform 
was  extracted  by  two  28  foot  ringslot  extraction  parachutes.  After 
force  transfer  a  cluster  of  seven,  46  foot  D0  flat  circular  parachutes 
were  conventionally  deployed.  The  cluster  parachute  risers  were 
53  feel  long.  The  cluster  parachutes  were  reefed  at  24  foot  dia¬ 
meter.  Die  reefing  was  activated  by  two  second  delay  line  cutters 
fired  at  complete  parachute  suspension  line  stretch.  The  requested 
release  altitude  and  airspeed  were  500  feet  absolute  and  137  knots 
indicated,  respectively.  The  actual  release  altitude  and  airspeed 
were  443  feet  absolute  and  138.  5  knots  indicated  respectively.  Dur¬ 
ing  descent  the  load  was  suspended  by  four  dual  equal  length  suspen¬ 
sion  slings  of  eight  ply  type  26  webbing,  15,  000  lbs.  per  ply,  24  feet 
long  including  strain  links.  Two  large  rocket  packs  were  used 
each  holding  s  ixteen  SK2000-  1001  rocket  motors.  The  rocket  ignition 
system  used  had  a  a8  foot  probe  redout  length  and  a  two  second 
delay  between  the  release  of  the  first  and  the  second  probe. 

Results : 


Two  parachutes  broke  away,  one  riser  failed,  and  one  riser  adaptor 
failed.  The  riser  adaptor  failed  because  of  improper  stitching  at 
the  connector  link  attachment  loops.  The  type  10  riser  failed 
apparently  because  of  an  overload.  There  was  moderate  parachute 


damage.  The  delayed  probe  had  not  reeled  out  all  the  way  since  the 
load  impacted  early  because  of  the  lost  parachutes.  The  MDF  cut 
itself  off  in  this  break  and  did  not  transfer  to  the  CDF.  The  other 
ignition  signal  assembly  successfully  ignited  the  rockets.  The  load 
impacted  aft  end  first  and  with  the  rockets  still  burning  when  all 
the  foive  went  on  to  the  front  slings,  the  load  overturned  backwards. 
There  was  a  secondary  lire  in  the  energy  absorbing  cardboard,  as 
a  result  of  flame  impingement  on  this  drop.  Maximum  forces  in  the 
suspension  slings  from  the  parachu'e  system  were  as  follows; 


R  ight  front: 
Deft  front: 
Right  rear: 
Left  rear: 


.  91  G 
l.  01  G 
.  83  G 
.  83  G 


Maximum  forces  in  the  suspension  stings  and  the  retrorockets  were 
as  follows : 


R  ight  front : 
Left  front 
Right  rear' 
Left  rear 


1.  92  G 

2.  25  G 
l  25  G 
l.  24  G 


See  Figure  4-23  for  a  load  angle  versus  time  curve.  The  parachute 
suspension  forces  were  all  well  within  the  1.  5  g  maximum  force 
per  attachment  point  limit.  The  rocket  sling  forces  were  over  the 
limit.  Event  times  are  taken  using  the  first  sighting  of  the  extrac¬ 
tion  parachute  as  T0: 


Load  off  ramp  -  4.  40  seconds 
Extraction  force  transfer  -  4.  50  seconds 
Deployment  bags  separatee  Irom  apexes  -  5.  77 
seconds 

Recovery  parachutes  full  open  average  -  8.  38 
seconds 

Rockets  fire  -  10.  68  seconds 
Load  impact,  obscured  -  No  data 
Impact  velocity  -  45  fps 
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Conclusions  and  Recommendations: 


This  drop  was  unsuccessful.  It  is  recommended  that  riser  adaptors 
be  modified  to  assure  the  proper  manufacturing  techniques.  It  is 
further  rei.ommer.ded  that  the  riser  extensions  be  fabricated  of 
stronger  webbing  before  repeating  this  test 


4.  24  Test  No  : 

SAEC  202-24  Air  Force  0003- F- 69 
Test  Date ■ 


8  January  1969 

Purpose ; 

The  purpose  was  to  test  an  ant i- osc Illation  parachute  on  a  test  load 
that  had  procen  most  likely  to  be  marginal  in  load  stability,  the  14,  000 
lb.  load.  (Tests  202-14  and  202-19)  This  test  was  to  also  provide 
a  test  bed  for  a  cross  beam  laser  ignition  system  and  was  fabricated 
by  Motorola,  Government  Electronics  Division,  At  rospace  Center  . 

Conditions  and  Procedures: 


Drop  No.  202-  24  was  an  inert  rocket  system  test  having  a  gross 
rigged  weight  of  14,  000  lbs  The  suspended  weight  of  the  test  toad 
was  12,  900  lbs.  A  22  foot  load  mounted  on  a  24  foot  modular  platform 
was  extracted  by  a  22  foot  DQ  ringslot  extraction  parachute.  After 
force  transfer,  three,  46  foot  DQ  flat  circular  cluster  parachutes 
were  deployed  by  the  separating  extraction  paracliute.  The  cluster 
parachute  risers  were  45  feet  long.  The  requested  release  alt-lucle 
and  airspeed  were  500  feet  absolute  and  130  knots  indicated.  The 
actual  release  altitude  and  airspeed  were  450  feet  absolute  and  '  ?  0 
indicated  During  descent  the  load  was  suspended  by  four  eon-.’' 
length  suspension  slings  of  type  10  webbing  8700  lbs  per  ply,  24 
feet  long  including  strain  links.  The  laser  system  installation 
is  shown  in  Figure  4.  24. 


350 


LASKU  SYSTEM  INSTALLATION 
Figure  4.  24 


Thi  laser  was  adjusted  to  fire  two  fLas'h  bulbs  at  a  height  of  25  feet 
above  the  ground.  The  anti- oscillation  parachute  was  mounted  on 
one  cluster  riser,  utilizing  the  riser  as  a  parachute  centerline. 

The  sixteen  foot  D  anti  oscillation  parachute  was  stowed  in  the 
riser  compartment  of  one  of  the  main  cluster  parachutes. 

Re_sul  ts_: 

This  test  was  successful.  Load  recovery  was  satisfactory  and  there 
was  no  damage  to  the  test  vehicle.  The  laser  ignition  system 
functioned  perfectly  with  the  Hash  bulbs  firing  at  a  height,  of  24.  8 
feet  above  the  ground,  it  was  impossible  to  determine  if  there  was 
any  effect  from  the  anti  oscillation  parachute.  Parachute  force  in 
the  suspension  slings  were  as  follows: 

Right  front:  .76  G 

Left  front  •  .89  G 

Right  rear :  .96  G 

Left  rear.  1.  38  G 

These  forces  are  well  within  the  1.  5  G  per  attachment  point  maximum 
allowable  force.  Event  data  is  taken  using  tire  first  sighting  of  the 
extraction  parachute  as  Tc: 

Load  off  ramp  -  4.  51  seconds 
Extraction  force  transfer  -  4.18  seconds 
Deployment  bags  separated  from  apexes  -  5,48  sec¬ 
onds 

Recovery  parachutes  full  open  average  -  7.  90 
sec  onds 

Laser  fire  -  11.08  seconds 
Load  impact  -  11.44  seconds 
impact  velocity  -  60  fps 

C  one  tus  ions  and  Recommendations: 

It  is  recommended  that  investigation  of  an  anti- os  dilation  parachute 
as  tested  be  dropped  and  not  pursued  further  on  th’S  contract.  For 
the  future  PRADS  system  it  appears  that  the  laser  ignition  system 
wilt  offer  the  best  solution  into  rocket  ignition. 
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4.  25 


Test  No.  : 


SAEC  202-25,  Air  Force  0092-F-69 
Test  Date. 


14  February  1969 

Purpose ; 

To  demonstrate  system  performance  at  the  intermediate  load  level 
using  an  actual  vehicle  as  the  test  bed. 

Conditions  and  Procedures: 


Drop  No.  202-25  was  a  live  rocket  system  test  of  a  18,  600  lb.  gross 
rigged  weight  drop  vehicle.  The  test  load  suspended  weight  was 
16,  780  lbs.  The  M-215  2  1/2  ton  truck  was  mounted  on  a  24  foot 
modular  platform  and  was  extracted  by  a  28  foot  ringslot  extract¬ 
ion  parachute.  After  force  transfer  four,  46  foot  D0  flat  circular 
parachutes  were  conventionally  deployed.  The  cluster  parachute 
risers  were  45  feet  long.  The  requested  release  altitude  and  air¬ 
speed  were  500  feet  absolute  and  130  knots  indicated  respectively. 
The  actual  release  altitude  and  airspeed  were  596  feet  absolute  and 
134.  5  knots  respectively.  During  descent  the  load  was  suspended  by 
suspension  slings  of  eight  ply  type  10,  8700  lb.  per  ply  or  6  ply  18 
feet  long  rear.  This  length  included  strain  links.  One  large 
rocket  pack  was  used  with  18  SK2000-1001  rocket  motors  mounted 
in  it.  The  rocket  ignition  system  used  had  a  28  foot  probe  reelout 
length  and  a  two  second  delay  between  the  release  of  the  first  and 
the  second  probe . 

Results : 


At  full  inflation  of  the  first  cluster  parachute  its  riser  failed.  This 
was  a  six  ply  type  10  riser  8700  lbs.  per  ply  and  was  the  first  fail¬ 
ure  occurring  in  a  load  of  this  weight  range.  Descent  was  other¬ 
wise  normal.  Ignition  was  normal.  Immediately  after  ignition  the 
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truck  frame  buckled  and  permitted  the  load  suspension  slings  to  get 
into  the  rocket  blast  and  be  burned.  As  a  result  just  at  burnout  the 
rocket  pack  separated  from  the  load  and  landed  approximately  200 
feet  away  There  was  minor  damage  to  the  rocket  pack.  The 
truck  was  destroyed  by  the  failure  of  the  frame  and  the  excessive 
impact  velocity  resulting.  Maximum  force  in  the  suspension  slings 
was  from  the  parachute  as  follows: 


Right  f rout: 

.  87 

G 

Left  front. 

.  86 

G 

Right  rear: 

.  96 

G 

Left  rear. 

.  94 

G 

The  maximum  forces  in  the  suspension  slings  from  the  rockets  were 
as  follows  • 


Right  front: 
Left  front. 
Right  rear 
Left  rear; 


1.  09  G 

1  02  C 

2  15  G 
2  15  G 


See  Figure  4.  25  for  a  load  angle  versus  lime  curve.  The  parachute 
suspension  sling  forces  were  all  well  within  the  1.  5  G  maximum  force 
per  attachment  point  Limit.  The  rocket  suspension  sling  forces 
were  over  the  1.  5G  maximum  force  per  attachment  point  limit. 

Event  times  are  taken  using  the  first  sighting  of  the  extraction  para¬ 
chute  as  T  : 

o 

Load  off  ramp  -  3.  76  seconds 
Extraction  force  transfer  -  4.06  seconds 
Deployment  hags  separated  from  apexes  -  5.07 
seconds 

Recovery  parachutes  full  open  average  -  7.  30  seconds 
Rockets  fire  -  13  70  seconds 
Load  impact  obscured  -  No  data 
Impact  velocity  -  41  fps 

Conclusions  and  Recommendations: 


This  test  was  unsuccessful.  It  appears  that  the  overloading  of  the 
rear  suspension  slings  caused  the  failure  of  the  truck  frame.  This 
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Figure  4.25 


cannot  be  positively  concluded  as  the  truck  had  been  used  numerous 
nines  in  other  drop  tests.  It  is  possible  that  preexisting  damage 
contributed  to  the  failure.  It  is  recommended  that  the  future  rocket 
motor  be  designed  to  eliminate  the  sharp  ignition  peak  force  of  the 
present  motor. 


4.  26  Test  No. 

SAEC  202-26  Air  Force  0063-F-69 
Test  Date" 


27  February  1969 

Fu rpos e : 

To  demonstrate  system  operation  at  the  largest  load  range  level 
(35.  000  lbs.  ) 

Conditions  and  Procedures: 


Drop  No.  202-  26  was  a  live  rocket  system  test  having  a.  gross 
rigged  weigh';  of  35,  000  lbs.  The  suspended  weight  of  the  system 
was  31,  620  lbs.  The  22  foot  weight  tub  mounted  on  the  24  foot  long 
modular  platform  was  extracted  by  two  28  foot  ringslot  extraction 
parachutes.  After  force  transfer  a  cluster  of  eight,  46  fool  D0 
flat  circular  parachutes  vere  conventional1/  deployed.  The  cluster 
pa  ra  chute  risers  we  re  53  feet  long  and  were  f  abr ;  cat  ed  of  15,000  lb. 
webbing  as  opposed  to  risers  in  past  35,000  lb.  load  tests  fabricated 
of  8700  lb.  webbing.  The  cluster  parachutes  were  reefed  to  a  dia¬ 
meter  of  22  feet  anti  were  d's  reefed  by  a  two  second  delay  reefing 
Line  cutter  tired  at  complete  suspension  line  stretch.  The  requested 
release  altitude  and  airspeed  were  600  feet  absolute  and  137  knots 
indicated  respectively.  The  actual  release  altitude  and  airspeed 
were  624  feet  absolute  and  138.  5  knots  indicated  respectively.  Dur¬ 
ing  descent  (he  load  was  suspended  by  four  dual  equal  length  suspen¬ 
sion  slings  of  eight  ply  type  26  webbing,  15,000  lbs  per  ply,  24 
feet  long  including  strain  links.  Two  large  rocket  packs  were 
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used  each  holding  s  ixt  cen  SK2000- 1001  rocket  motors.  The  rocket 
ignition  system  vised  had  a  28  foot  probe  reelout  length  and  a  two 
second  delay  between  the  release  of  the  first  and  the  second  probe, 

Results: 

Test  202-26  successfully  demonstrated  performance  of  the  PRADS 
at  the  35,000  lb.  weight  range.  System  stability  was  excellent 
during  descent  and  rocket  burning.  In  the  upper  rocket  pack  one 
of  two  P1A  timers  used  to  delay  arming  of  the  gas  shuttle  valves 
until  the  load  is  well  clear  of  the  drop  aircraft  approximately 
four  seconds  after  force  transfer  failed  to  fire.  It  ran  2  1/2  sec¬ 
onds  of  a  set  five  seconds  and  so  did  not  arm  one  gas  valve  on  the 
upper  rocket  pack.  The  oLher  valve  functioned  and  both  valves 
operated  in  the  lower  rocket  pack.  The  reason  for  the  F1A  timer 
failure  apparently  was  sand  and  dust  jamming  the  operating 
mechanism.  Maximum  forces  in  the  suspension  slings  from  the 
parachute  system  were  as  follows: 

Right  front:  .  93  G 

Left  front:  1.  0  3  G 

Right  rear:  l.  00  G 

Left  rear:  .  78  G 

Maximum  forces  in  the  suspension  slings  from  the  retrorocket 
were  as  follows: 

Right  front:  1.  42  G 

Left  front:  1,  42  G 

Right  rear:  ,  98  G 

Left  rear:  l.  00  G 

The  parachute  suspensiot  forces  were  all  well  within  design  limits. 
The  rocket  sling  forces  were  also  within  the  limit.  Event  times 
are  taken  using  the  first  sighting  of  the  extraction  parachute  as  TQ: 

Load  off  ramp  -  4.  00  seconds 
Extraction  force  transfer  -  4.15  seconds 
Deployment  bags  separated  from  apexes  -  5.  61 
seconds 
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Recovery  parachutes  full  open  average  -  9.  58 
seconds 

Rockets  iir^  -  i  3.  3i  seconds 
Load  impact  obscured  -  No  data 
Impact  velocity  -  ?.0  fps 

A  secondary  fire  resulted  on  this  test  after  impact.  I;  was  caused 
by  flame  impingement  on  the  load.  Reference  Appendix  A  for 
additional  data  on  this  pheonomena.  Reference  Figures  4. 26- 1 
through  4.  26  4  for  typical  force  versus  time,  altitude  versus  time, 
rate  of  descent  versus  time,  total  velocity  versus  time,  altitude 
versus  horizontal  distance  curves  for  a  35,  OuO  pound  live  system 
test,  and  a  load  angle  versus  time  curve. 

Conclusions  and  Recommendations: 

This  drop  was  completely  successful.  No  system  or  rigging  changes 
are  recommended  for  this  test  configuration.  The  removal  of  the 
FID  or  F1A  timers  is  strongly  recommended  for  future  applica¬ 
tions.  The  single  rocket  pack  design  as  considered  for  the  future 
program  will  prevent  the  secondary  fire  resulting  from  flame 
impingement  on  the  load.  Note  the  fact  that  no  problems  occurred 
on  this  program  where  the  single  rocket  pack  was  used,  even  where 
there  were  as  many  as  eighteen  motors  per  pack. 


ANGLE 


ANGLE  VS  TIME  TEST  NO.  202-26 


ALTITUDE  VERSUS  HORIZONTAL  DISTANCE  TEST  NO*  202 


ALTITUDE,  SATE  OF  DESCENT  AND  TOTAL  VELOCITY  VERSUS  TI 


Time  After  Launch,  -  Seconds 


tr*- 


5.  0 


SUMMARY 


The  test  program  conducted  on  the  PUADS  at  N.AF  El  Centro,  Calif¬ 
ornia,  satisfactorily  demonstrated  system  capability  for  recover¬ 
ing  loads  from  2000  to  35,000  pounds  at  airspeeds  from  110-150  knots 
indicated  airspeed,  and  from  altitudes  as  low  as  500  feet  absolute. 

The  major  problem  areas  and  corrective  action  were  as  follows: 

5.  1  Flame  Impingement 

On  dual  rocket  pack  tests  using  from  twelve  motors  up  per  rocket 
pack  some  impingement  on  the  test  load  was  expected.  This  impinge¬ 
ment  was  observed  during  tethered  dynamic  tests  at  Stencel  Aero 
Engineering  Corporation.  Reference  Appendix  B  for  a  description 
of  this  phoeiioniena.  A  single  rocket  pack  configuration  should  elim¬ 
inate  the  problem  and  this  is  the  approach  for  future  testing.  Also, 
no  problems  were  observed  with  a  single  pack  configuration  during 
system  lest  performed  on  the  PRADS  at  El  Centro  under  the  test 
program. 

5 .  2  Riser  A  d  a  p  t  o  r  s 

Riser  adaptor  failures  wore  another  problem  area.  The  riser  adap¬ 
tors  causing  failures  were  found  to  be  manufactured  of  improper 
material,  and/or  by  improper  manufacturing  practice.  Corrective 
action  consisted  of  assuring  proper  materials,  and  defining  and 
inspecting  manufacturing  technique. 

5.  3  Riser  Extensions 

Riser  extension  failures  were  caused  by  material  failure  of  the  8700 
lb.  per  ply  type  10  webbing.  All  risers  failing  were  of  6  ply  con¬ 
struction.  Corrective  action  consisted  of  fabrication  of  six  ply, 

15,  000  1b.  per  ply,  type  26  riser  extensions  for  use  on  PRADS  test¬ 
ing. 

5 •  4  Confined  Detonating  Fuse,  CDF  Braking 

CDF  failures  occurred  on  three  uj  ops.  These  drops  all  had  24  foot 
long  suspension  slings,  and  by  trying  to  use  available  CDF  which  was 


marginal  m  length  for  suspension  slings  24  feel  long,  tensile  fail¬ 
ures  of  the  CDF  resulted.  Future  tests  using  24  foot  long  suspen¬ 
sion  slings  utilized  a  CDF  junction  block  and  an  eight  foot  lung  CDF 
extension.  The  CDF  extension  prevented  future  tensile  failures  of 
the  CDF  units 

5 .  5  MDF  Failures  to  Fire 

1)  Safety  pm  lucked  in  place.  This  type  of  failure  was  caused  by 
oil  exp  mc'on  resulting  in  Lhc  safety  pin  being  locked  in.  Correc¬ 
tive  action  consisted  of  bleeding  the  excessive  oil  from  the  ground 
sensing  probe  and  continuing  the  item  in  service.  2)  Arming  lany¬ 
ard  fouled  piston.  This  failure  occurred  on  one  drop  resulted  in 
the  probe  not  arming.  Corrective  action  consisted  of  reinforce¬ 
ment  of  the  attachment  of  the  arming  lanyard  stowage  pocket  and 
extreme  care  in  the  stowing  of  the  arming  lanyard.  3)  MDF  pinch¬ 
ed  by  improper  installation  in  probe  housing  -  this  type  failure 
occurred  one  time  and  was  corrected  by  installation  cf  a  bushing  in 
the  probe  housing  to  prevent  improper  installation  of  the  ground 
sensing  probe.  4)  MDF  not  all  out  ol  probe  reelout  brake.  This 
type  failure  occurred  on  one  test  and  the  MDF  cut  itself  off  in  the 
brake  and  did  not  transfer  to  the  CDF.  This  type  failure,  although 
a  failure  to  fire,  is  actually  desirable  since  it  does  demonstrate 
an  inherent  safety  feature  of  the  MDF  system.  That  is,  if  all  MDF 
is  not  deployed,  the  system  would  cut  itself  off  and  not  fire  early. 
Note  that  emphasis  is  drawn  to  the  fact  that  on  ail  drops  where 
ignition  system  problems  occurred  the  other  system  ignited  or 
activated  the  rocket  system. 

5 .  6  FIB  Tim e rs 

FIB  timers  failing  to  arm  or  operate  properly  In  test  numbers  202- 
22,  2609-F-68  an  FIB  timer  failed  to  exert  sufficient  force  to  arm 
one  gas  vah’e.  The  tuner  had  run  properly  and  there  was  not  a 
determinable  reason  for  the  low  force.  In  Test  Numb  r  202-26, 
0063-F-69  an  FIA  timer  ran  for  2  1/2  seconds  of  a  preset  5  sec¬ 
onds  After  test  examination  revealed  the  probably  cause  was  dust 
and  debris  in  the  tinier  housing  mechanism.  Corrective  action  for 
this  problem  will  consist  of  deletion  of  mechanical  tinier  of  this 
type  in  future  system  application 
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5.  7  Rockcl  Pac  k  Damage 

In  nearly  every  test  usiiif;  the  SK48001-001  or  SK48-022-0Q1  rocket 
packs  nniiur  to  extensive  damage  resulted  to  the  rocket  pack.  Al¬ 
though  occasional  damage  occurred  to  the  femaie  snap  tight  rocket 
couplings  the  principal  damage  was  in  the  area  of  the  rocket  mount¬ 
ing  brackets  and/or  the  lower  ring  of  the  rocket  pack.  This 
damage  is  not  considered  significant  because  if  future  testing  is 
conducted,  it  will  be  with  the  redesigned  rocket  motor  and  rocket 
mounting  structure.  In  approximately  four  live  tests,  the  rocket 
pack  impacted  the  load  and  was  damaged.  Two  rocket  packs  were 
damaged  when  they  broke  loose  in  tests.  The  load  hit  on  the  rocket 
pack  in  lest  202-14. 

5 .  8  Pa  rat  h  ute  System 

The  parachute  system  as  tested  on  the  PRADS  seldom  suffered 
damage,  however,  the  parachutes  are  considered  to  be  marginal 
because  of  instances  where  damage  did  occur.  It  is  recommended 
that  parachutes  considered  for  future  PRADS  systems  be  reinforced 
(  to  reduce  to  a  minimum  routine  parachute  maintenance.  The  para¬ 

chute  deployment  bags  used  on  the  PRADS  testing  performed  very 
well,  however,  heavier  construction  overall  is  recommended  to  reduce 
wear  and  tear  and  it  is  recommended  that  an  improved  means  of 
tying  the  bags  together  be  incorporated  in  the  new  design. 

5.  9  Probe  Oscillation 

Probe  oscillation  was  a  problem,  the  possible  result  of  which  was 
ignition  too  close  to  the  ground.  Impact  was  at  a  higher  than  accept¬ 
able  velocity  because  of  incomplete  rocket  burning  prior  to  impact, 

Corrective  action  on  this  problem  resulted  in  two  approaches.  The 
first  was  a  delay  of  two  (2)  seconds  in  release  of  the  second  probe 
after  the  first  probe.  This  did  not  stop  oscillation,  but  it  did  pro¬ 
vide  a  ground  sensing  probe  with  a  second  and  independent  period 
of  oscillation.  The  chance  of  ignition  at  the  proper  altitude  was 
much  greater  using  this  technique. 
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The  second  and  fi  ial  approach  lo  this  problem  was  an  evaluation 
of  ground  sensing  systems  in  general.  The  most  promising  system 
was  a  cross  beam  laser  ignition  system  as  fabricated  by  Motorola, 
Cl o  e  r nine nl  Ii  leUrumcs  Division,  Aerospace  Center  This  sys¬ 
tem  is  not  sensitive  to  secondary  oscillation  induced  by  platform 
pitch  during  descent.  Under  conditions  of  a  field  test  Test  Num¬ 
ber  202-  24.  0003-F-69  the  laser  ignition  system  performed 
cxai  lly  as  dc signed 

5.10  Suspension  Sling  Forces 

Sling  forces  were  over  1.  5  G  each  during  parachute  opei  .ug  in  tests 
15  3-  l,  -2,  202-4,  5,  -6,  -14,  -16,  and  -19,  and  over  l.  5  G  each 

during  rocket  burning  in  tests  202-  10,  -11,  -12,  -14,  -19,  -21,  -22, 
-23  and  -25.  Rocket  force  must  reach  maximum  more  slowly. 
Parachute  opening  force  must  be  reduced  by  slotted  parachutes  at 
least  for  loads  under  18  000  pounds 
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APPENDIX  F 
TEST  ANALYSIS 


L.VE  SYSTEM  TESTS 


A  ?•!  -■-'i  1 .  YSiS  Of;  _i.,  .  F  SySTi.lv.  _v  I 'STS 

Table  1  depicts  test  results  such  as  drop  velocity,  probe  angle, 
load  height  and  load  angle  at  rocket  ignition,  velocity  and  load 
height  at  rocket  burnout,  ami  load  angle  and  velocity  at  load 
impact,  in  addition  Table  1  gives  some  test  conditions.  For 
a  complete  description  of  tests  and  test  conditions  for  all  inert 
and  live  drops,  consult  Appendices  C  and  D.  Also  results  from 
a  lower  altitude  are  given  in  Table  1  where  the  platform  would 
first  ha',  e  become  horizontal  at  ground  impact  This  low  altitude 
is  not  the  minimum  altitude  from  which  the  load  could  have  been 
dropped  jl  El  Centro  with  a  drop  zone  altitude  of  60  feet,  since 
the  load  muy  impact  at  up  to  at  least  -r  15  degrees  without  over¬ 
turning  the  load  However,  these  drop  altitudes  will  be  accept¬ 
able  throughout  the  range  of  conditions  from  -65  degrees  F  and 
sea  level  to  plus  100  degrees  F  and  5000  feet  drop  zone  altitude 

Vertical  and  horizontal  velocities  were  determined  for  alt  tests 
made  at  Stoned  and  for  irve  tests  made  at  El  Centro  by  analysis 
of  test  film  using  load  length  as  a  reference.  Sec  analysis  of 
test  202-19  for  example  of  determination  of  impact  velocity  by 
direct  measurement  correcting  for  acceleration.  Vertical  and 
horizontal  velocities  for  inert  tests  at  El  Centro  were  taken 
from  Askaniu  data.  Askania  data  could  not  be  usc-d  in  live  tests 
because  of  data  smoothing. 

The  following  is  analysis  and  a  discussion  of  test  results 
lo  r  v  a  c  h  live  test 
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Grp •  i  al  Dis  .-j:tsion 

Tei?  was  nndo  f”om  the  Sicn^ei  TCM  aircraft,  and 

-r  r.i'oi  c  ,  i::c  weight  wr.s  limited  to  just  ever  5000  pounds. 
T1  gr.'.tf  weight  0.1  iris  test  load  was  5120  pounds,  the 
pa  l  act  :tc  r- us  pended  ‘Vi-igt  t  was  5000  pounds;  and  th? 
weight  su'-pcnded  under  the-  rocket  pack  was  4 (.2 6  pounds. 

Ti  gio;s  weight  approached  the  top  cud  of  the  weight 
range  for  four  rocket  motois  and  four  24  loot  parachutes. 
This  w  ■  i gr. :  ra  .-g1  good  for  c.ir  densities  (M.counter ed 
3 *  a  5000  loot  drop  /.one  altitude,-  ar.d  100  de  gress  Fuhren- 
h-it  v;  well  as  sea  lev-1  and  -65  degrees  Fahrenheit. 

For  add:  Tonal  discussion  of  air  densities,  set  Section 
4.0.  The.  drop  zone  altitude  for  this  test  was  approximate¬ 
ly  2000  f-et  above,  sea  level,  and  the  temperature  was 
approx’matuy  tO  degrees  Fahrenheit.  The  air  density, 
then,  w»6  near  "r.e  middle  of  the  extremes,  therefore, 
the.  p-  rf'.i*rna  ic  r  si.eu:d  lav;  been  well  within  specifica¬ 
tions. 

Analysis 

The  load  was  extracted  by  a  15  foot  ring  slot  extraction 
parachute.  As  the  load  came  off  the  aircraft,  it.  landed 
to  pitch  nose  up  as  in  a  drop  from  a  cargo  aircraft; 
however,  extraction  force  transfer  was  delayed  by  re¬ 
dundant  lanyards  10  and  15  feet  long.  This  caused  the. 
loud  pilch  to  be  almc&l  negated  by  continued  high  extrac¬ 
tion  force  pulling  at  the  rear  of  the  load.  The  front 
slings  be  cam*  taut  and  pitched  the  load  rose  up. 

Pa r a 'hut e  p  .  i  forma '•oc  w'o  considered  good  with  no 
lagging  i  •*  op  .ring.  Ihe  rocket  pack  was  pulled  from 
ih'  lo'-.d  while  the  parachutes  were  opening,  and  after 
ti.'.  lirst  three  parachutes  opened  both  front  slings  wore 
snatc  and  taut  by  the  rearward  motion  of  the  rocket  pack. 
The  left  l  i  rit  sling  felt  a  force  slightly  less  than  the 
1.  5  tint*  s  i.'.e  weight  of  hne  load  (G)  called  for  in  the.  con- 
fiat*  as  the  Imrr-'r.g  force  on  each  a t'achmcn':  point, 
it  i.;  i‘,  turned  re:  ?  that  th  f.  loading  is  based  upon  the 
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gross-  rtgg-  '.1  v\  «  iglr.,  Th;t-  1‘orc  «.•  .40  C,  was  higher  ihsii 

that  on  tm  right  from  sling  9j  G  .  This  distribution 
cl  fuicvs  ls  nol  typu  a-  and  therefore  is  assumed  (o  be  a 
random  eh-  i  i.  The  a-yimmlrKil  loading  d.d,  howe-cr. 
c  onir.batt.  to  a  y uw  Tr<  re«»r  sli’gs  then  f-F.t  o’-.itcU 
loi'i  is  of  ronghiy  2  G.  These  p.--_k  forces  wet  e  a 
comb. nation  of  pa  r  n  h  H  •*  roi  ket  pack  snatch  and  load 
pitch  snatch  lorv.es  One  piobe  wis  released  was 
armed  and  lec'ed  cr.u  normally  The  second  probe  fa  1 1  eel 
to  r>  i  i  out.  because  the  proh<  hous  ng  came  loose.-  ar.d 
fouled  t).  ■  iVhJl  and  probe  The  gas  \al»es  were  armed 
ar.d  the  on<  -a'  -  shuttled  in  the  signal  system  which 
ret  1-  cl  out.  The  other  alve  d-d  r. o f  shuttle  because  the 
fouled  probe  and  MDF  lid  not  f.re. 

Load  angle  at  rocket  firing  was  7  degrees  nose;  down,  and 
rotated  s  lightly  and  .impacted  at  9  degress  nose  down.  it 
is  significant  that  the  load  d.d  not  swing  pasL  the  hori/.ontal 
but  it  yawed  l80°  prim*  rily  during  parachute,  opening. 

The  load  apparently  retained  a  slight  nose  down  bias  after 
the  180°  yaw.  This  means  that,  in  effect  the  system  did 
not  oscillate,  stability  was  excellent  and  damping  was 
near  pi  rfe-ct.  Fig  195-1-3  m  Appendix  C  shows  load 
angle  versus  time  where  load  angle  is  pitch  ipositr.  e  nose 
up..  The  descent  rate  oi  59  feel  per  second  al  the  t.me  of 
rocket  f.rir.g  is  wc.ll  within  the  range  of  55  to  70  feet  per 
se-rond  expected,  .t  should  hi.  pointed  out  that  the  load 
descent  rate,  is  changing  during  descent  and  does  not 
necessarily  reach  a  true  terminal  velocity  in  a  low  Is  .-el 
drop. 

Probe  firing  occurred  w.lh  the  front  of  ill?  load  Zb  fn-'l 
abo.e  the  ground  Rocket  firing  first  visible  plume)  was 
0.0175  second  -  .005  second  later  Complete  rocket 
burnout  was  approximately  .54  second  after  rocket  firing 
with  a  load  descent  rate  of  13  6  feel  per  second.  Peak 
forces  on  the  slings  during  rocket  burning  were  right 
front  85G  left  lrout  .  9  G.  right  rear  i.  44  G  left  rear 
1 .  34  G  Al!  forces  were  well  within  1.  5  G.  since,  as 
staled  tin-  loud  was  at  the  high  end  lor  the  rocket  impulse. 
Ground  impact  clocity  was  23  7  feel  p--r  second  and  impact 


j 

! 

4 
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Du  ui'rrd  ,  jib  ft-i  t  ond  .1 1't t- r  rock'  t  baniuul  will;  ;i  fm 
lai;  ol  5.  ')  fr .  1.  Measure  ments  are  considered  very 
accural'  m  Hus  les:  because  the  load  could  be  spin  to 
impe  l.  'In.  i.diiH-r  a  lraiiu  rule  is  accurate  Within  2 
pel  tern  or  'c.>s,  and  the  impact  velocity  dole  r  mined 
bv  t  wo  methods  feat  l>  using  camera  frame  rate)  agreed 
withii.  .1  loot  jn-r  second,  in  addition,  impact  lime  was 
determined  by  a  m  croswitch  and  flash  bulb. 

Me 'hod 

The  following  is  a  '.me  of  reasoning  and  method  for  the 
analysis  of  this  lest  which  .s  typical  for  test  195  2 
also. 


1.  Descent  Velocity  at  Rocket  Firing  Movie  film 
from  a  hand  held  16  mm  Millikan  camera  running  at 
400  tps  was  analyst. cl  on  a  Vanguard  filtn  analyser.  A 
p  a  into  cl  stripe  on  the  load  8  feet  long  gave  an  accurate 
distance  reference  when  the  side  of  the  load  wa1  within 
5  degress  ot  a  plane  perpendicular  to  the  lint  of  sight. 
Toad  descent  ve  locity  was  averaged  over  14.  8  feet  of 
load  travel  during  .25  seconds  before  probe  firing, 
resulting  in  59  2  feci  per  second  just  before  rocket 
firing.  The  theoretical  terminal  velocity  would  be 
61.4  feet  per  second  based  upon  e  -  .0022.1  slogs  per  ft 
assuming  a  cluster  efficiency  of  8  3  percent,  Rocket 
firing  was  3.  56  seconds  after  average  parachute  infla¬ 
tion  tune. 

2.  Descent  Velocity  at  Rocket  Burnout.  Descent 
velocity  at  rocket  burnout  was  obtained  similarly  io 
the  descent  velocity  at  rocket  firing  except  that  a 
corre<  t:on  was  made  for  the  rocket  deceleration.  Here 
a  distance  ol  4.  96  fuel  was  measured  during  t  =  .  235 
second  resulting  in  an  a  po rage  descent  velocity  of 

V.  ,  -  21.1  feel  per  second.  The  average  rocket 

del  eh  ration  was  calculated  as  follows,  assuming  that 
no  parachute  force  was  present  and  that  the  deceleration 
was  cons  pint  over  the  entire  time  of  visible  flame  from 
the  rocket. 
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a  4  ■  Ur  >5  '  IS  \iZ.Z\ 

w 

i  'z.  2 

wi  .  1  ; 

-  total  impulsi  -.-:  1;  ith  rui  k«.l  f2540  pound  sec., 

15  mgl  ol  rocket  with  '  it  i.j,  54° 

\V  -  s  ..-pi  -idc  J  w.  .ght  ol  th>  load  .5000  pounds, 

•  t:ni  of  1  -  1  b .  >  ikm-  .  54  s •  v  utid  ■ 

35°  1  iX-.d  .tin.,  Ji  .•/.lib  rui.lv  I  aX«:s 

The  rci  ji'. 

? 

■a  63  i  f  t  s  e  . 

During  tun*.  /^t  the  load  de<  •  le rated  /VV  =  a  A  T 
or  1.4.9  foci  pr  s  ••*.  o  d  Velocity  it  burnout,  was 

’*'l  0  V  ,  /»  V  or  li  b  feel  pi  r  second.  Although 

rocket  ion  .  d.inn  lshe.d  .a  most  to  zcro  before  the  *.  r.d  of 
\ isiblt  fl  inn  :  rocket  pai  k  inertia  caused  the  load  to  fe;l 
full  force  approximately  unt.l  the  end  of  visible  flame. 
Pdi'ach.it..  force  hid  diminished  to  below  10  percent  of  the 
or.gir.ii  forc  e  (t-.p..ai  tv)  the  wc  lghl  cf  that  toad.. 

3  Vertical  .input  velocity.  The  impact  -velocity  was 

checked  by  *wi>  methods  First  -eioc  ity  at  burnout  was 

added  to  .  doc  ny  pickup  due  to  lr*  •  fall  neglecting  any 

nos st hi*  pa  rac h -t-  forc  e  Th*.  refer*.  .  -  V, 

.  ,  imp  b.  o. 

•I  t  42.  2;  let-  23.  ■  1.  <  t  per  second  where  t  is  tune  of  free 

i*\\  tcpia 1  to  .  3l5  sc.,  oiid.  The  t  me  of  iretfal  was  taker. 

from  last  rc-i  k- l  flame  to  a  Hash  bulb  triggered  by  ■> 

n  1 . «  )  os  witc  h  on  the  bottom  of  the  load 

Tin-  second  mctl.o  1  more  direct,  but  probably  less 

accurate  hr. cause  o;  the  short  period  of  time  measured. 

Tv.o  mu  r us  w-tc  lies  one  switch  two  it  t  t  he  low  the  load 
and  one  on  11. .  bottom  ol  the  load  each  trigger-,  d  flash  bulbs. 
A  time  11. -,er  a  of  .  090  Sic.  was  measure  d.  Again  this 
■oloci-y  «  a.  1  01  1  e.c  t«;  ti  lor  ire  dal.  act  *.  lei  ation.  Thertfoic 
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Vn  ,  D  'At  -32.2  or  25.  f>  feet  per  sccund.  The 
‘  A  i  '  2 

close  agm  emeiit  between  the  two  methods  lends  to  confirm 
the  high  degree  of  accuracy  expected. 

4.  Rocket  Firing  Height.  The  actual  rocket  firing  height 
was  assumed  to  be  the  heigh,  at  first  visual  sighting  of 
rocket  exhaust.  It  was  obtained  from  the  length  of  MDF 
l  eu  led  out  and  corrected  for  MDF  angle,  height  loss  during 
signal  transfer,  location  and  physical  geometry.  Rocket 
firing  height  was: 


h  1  cos  0  -  V  (  t  )  -  K 


W  h  e  r  e : 

1  -  MDF  length  (28  ft.  ) 

(S  ‘  MDF  angle’  with  vertical  115.  5  ) 

V  -  Descent  rate  of  load  (59.2  ft/sec) 
l  -  time  delay  in  firing  rockets  (.  0175  sec.  ) 

K  length  of  MDF  in  brake  (.4  fl.  )  plus  height  from 
ground  to  probe  housing  (.  (>  ft.  ) 

Therefore  h  -  25  fe*  t 

5.  Rocket  Burnout  Height.  Rocket  burnout  height  was 
calculated  from  h  -  Vg_  0  t  +  32,  2 _ tT  where  t  is  the  frec- 


Thc  bvrnoul  height  or  freefall  height  was  5.9  feet. 

6.  Load  Angle  Versus  Time.  Load  angle-  during  descent 
was  taken  from  a  hand-held  movie  camera  used  by  an  ex¬ 
perienced  photographer .  Load  angle  is  uneor rented  for 
elevation  and  azimuth  line  of  sight'  therefore,  distortion 
is  appreciable  during  the  early  part  of  descent,  where  angles 
should  hi  taken  a-s  qualitative  and  not  quantitative.  However, 
angles  close  to  impact  are  accurate  within  5  2  degrees,  be¬ 
cause  distortion  is  mi.  the  camera  was  'nun/.unta!  with:  one 
degree  and  load  angle  was  read  to  the  nearest  1/2  degree. 
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7.  T.iiics.  and  Forus.  E  cnl  Imii-s,  were  taken  from 
phot  u(ji'ap!'.  u  fiim  primarily  Tins  film  \  leldcd  e  •  ent 
I  mil  .»  liT  i  Mir._i  t.on  iori  iruiiif'-r.  p»raihule  opt  rung, 
r.uk-t  [in  k  mot  ton.,  load  oscillation  probe  ret. out,  jviDF 
fir.ng  ruiket  firing  an  I  flash  bulb  ]■  rings.  At  400  lranu-f 
pei  si  cor.d  tin  i  .  b »_•  I  .lion  was  .0025  stiond.  btghlmgs  of 
MDJ  rot  kt  l  and  ltash  bulb  firings  art  accurately  deter 
mi'.ub  ...  whili  para,  h.’iti'  opening  lime  is  more  difficult 
t  pinpoint. 


Fore-  -tini'  traces  w  -  r>  obtained  for  each  suspension  siing 
or.  a  portable  os.e  •  ■  I  jgra >  'ih  a  paper  speed  of  3/4  inch 
per  second.  C  a  .  bra'.ioi  w  a  max  i  mum  M  .5,000  pounds 
per  inch.  C  a !  lbration  ae  i  urac  y  ius  approximately  -  50 
pounds.  The  trace  was  read  to  the  nearest  .01  inch,  there- 
loi'i  an  accuracy  of  j  200  pounds  is  eta. mod. 

8.  Horizontal  Itnpai  t  Veloi.  1 1  y .  Horizontal  impact 
\  c  1  o  c  1 1  v  vc  as  lake. 'I  as  V,,  s  V  *  -V  \  . 

11  ct  l  '  j  .  />  U 


H 


horizontal  intpa  i  -elOcity 

V  ,,  -  average  hir  zonta'1  ••  i  loc  ity  during  rocket  burning 

V0  -  horizontal  •  olocily  before  rocket  firing  or 

V  0.8  ft /sec 

He  rjormanc  e_  \V  I'.h  Prototype  Signal  System 

A!  '.hough  ti  is  hypoflu.t.ca!  to  assume  that  descent  conditions 
would  b-  identical  ir,  the  prototype  system  as  with  tests  be  - 
a  is.  ot  p>rach  :U  s  i  zi  ,  load  weights .  ,  etc  ,  it  is  of  interest 
to  .o  k  it  pc  rfuniijrice  if  the  LASER  optical  ground  sensor 
had  b._  n  used  to  f;r<  the  rockets  It  is  assumed  that  the 
ground  6.  n.-ior  tr  gg<  ring  In  lghi  would  ha  - e  been  23  feet, 
based  upon  jn.i.yi-  is  ol  requirements  for  the  complete  range 
of  conditions  Irani  b 5  degree  Fahrenheit  sea  le.el  to 
100  degr.  •  s  Fahrcnhi  u  .1  5000  fi  : drop  zone,  altitude  .  Actual 
rocket  Mi  mg  lu-ight  w-a.-,  25  fi  l.  Height  of  rocket  firing  with 


I h ■  LASER  ground  tensor  would  be: 

h  -  1  'cos  0  V  ( t }  -  K 
Where 

1  -  assumed  LASER  triggering  distance  (2?  feet) 

0  ■■  LASER  beam  angle  with  vertical  (7°  same  as  load 
angle' 

K  -  height  from  ground  to  LASER  (assume  0  feet) 
t  -  assumed  rocket  firing  delay  (.  0175  sec.  ) 

Therefor*,  h  21.  S  foot 

Burnout,  then,  would  be  5.  9  -  t  2  3  -21.8)  -  2 .  7  feet. 
Impact  elocit’,  would  be  V  -Vv,  c  +  64.  4h  or 
18.  9  ft/sec  ,  with  ample  reserve  for  low  air  density  drops. 
This  reduction  in  impact  velocity  would  be  entirely  due  to 
the  lower  height  of  ignition  and  therefore  less  freefall.  The 
MDF  length  was  obviously  too  long  under  these  conditions: 
however,  the  MDF  could  not  be  shortened  a  great  deal  and 
still  be  adequate  for  changes  m  drop  altitude,  air  density 
and  the  possibility  of  probe  swing  without  allowing  rocket 
firing  after  ground  impact. 

Drop  Hoi ght 

See  analysis  of  test  19  5-  2  for  a  low  or  minimum  altitude 
drop. 


3.0  TEST  |95-2 

General  Discussion 


Test  195-2  was  almost  identical  to  test.  195-1  except  for  drop 
&1  linde.  Such  lest  cunditons  as  load  weight,  rigging  con- 
fg  iration.  etc.  were  the  same  as  ir.  the  previous  test.  Drop 
altitude-  was  only  315  feet,  somewhat  lower  than  the  planned 
400  feet  however,  the  actual  drop  altitude  was  near  the  mini¬ 
mum  for  an  acceptable  impact  velocity.  The  diop  zone 
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j  in  ,'i  w  agin.  tiOOO  ice l  and  the  umpcraiai'i  u’jS 
^  a.-  ~  r.u  . . 

j_i  J3  j3  i  u  •  in  m.  iv  «v  »v*  -ji  j.;  i  i.  >  a  a.  am  uuu  ■  i  . 

A  'id  lyt.i^ 


Op-  r.i  i  iii  and  pcTluriuu’H'  Hi  his  U-l  was  <  r  y  similar  I  j 
ti-  p  i‘  •.*  i(ju^  tut  I  i  vi  i  pi  as  discussed  below  The  trnni  shtigs 
b>  i  j  in  i  idiit  a.’tci  lb.,  rocket  pack  was  pulled  oil  the  load  and 
aHer  the  first  ina.r.  canopy  opened.  The  second  canopy  then 
op i  •■«:  1  tin  re  ar  -lings  became  t  nit  and  lh*  ,ast  two  c  atiopics 
up'  -ted.  Tin  two  front  slings  f.  It  turn  s  oi  1.  347  on  the  right 
and  1.  I?.9  on  tin  ett  ind  cit.ng  reasonably  symmetrical  load 
li  g,  It  . s  s  gin  fie  ant  that  in  this  test  the  load  did  not  vaw. 

Tin  rear  siir.gs  each  received  about  1  G  v  1 .  162  on  the  right 
and  911  or.  the  b  ft  nit  force  s  tin  »  were  well  benow  1.  5  C 
a  nd  showed  a  normal  pattern.  Both  probes  reeled  out  normally 
alter  re-ieaSi  Two  arming  pins  were  pulled  m  each  gas 
■■at,.  and  both  signal  systems  operated  normally  through 
roc  ket  ft  tung. 

The  lo.ad  angle  w-»s  8  degree  s  nose  up  at  rocket  fir  .ng  and 
rotated  »o  approximately  horizontal  at  impact,  This  rotation 
was  m  the  first  swing  and  indicated  that  if  the  drop  had  been 
from  a  lower  altitude  the  load  would  have  impacted  with  a  nose- 
up  angle.  Descent  -  elocity  at  rocket  Bring  was  70.  1  feet  per 
second  This  va(u«  was  an  a.  e  rage-  of  two  sets  of  measure¬ 
ments.  Calculate  d  terminal  velocity  for  load  with 
t  .00226  wo-j'd  be  60  7  feel  per  second,  therefore,  terminal 
velocity  hid  not  o-  ci.  approached  den  though  the  load  had 
dc  scend>  (1  3.  t(.  seconds  after  a  -erage  parachute  inflation  t . me . 

Probe  fir  ng  occurred  with  th-  rear  of  the  load  25.6  feet  above 
llic  ground.  Koch-  t  Bring  occurred  02  second  lat'-r  with  Un¬ 
load  24.2  lc-  t  a  bo  «  the  ground  Velocity  at  rocki  t  burnout 
was  calc  ilal-d  as  22,2  feel  per  second  however  this  velocity 
is  not  claimed  to  b-.  necessarily  accurate  because  of  un¬ 
certainties  i*.  parachute  input  during  rocket  burning.  Peak 
forces  on  the  slings  during  rocket  burning  were  right  front 
.  9  5  G  1  c it  (  r  i l'.t  1.53  G  right  rear  ! .  2  7  G  left  rear  1 . 08  G . 
The  i-B  front  sling  fore  •  exceeded  1  5  G  It  is  assumed  that 

1  o  ,4  T1  ij  1 1  *  r»!n-  ■*  rn'i  r  (jnrl  1 1 1  .jn  r  un  c  <>rl  V»tc»h  jl'TC-1. 

b<  <■  Sec  t-oi.  3.4  !  )  f  a  definition  of  lag  angle.  impact  occurred 
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{ 

.  2.  -i-i  nd  .11.  r  rot  kc!  burnout  With  a  ireefaii  of  ‘i  .  8 
t  -‘'lot  i !  v  i  anulaled  from  the  above  is  28.  6  fe-.l 
per  s<  i  ond.  A  more-  accurate  calculation  of  impact 
tlucily  .  in  be  obtained  from  mic  ros  wi  !e  he-s  and  flash 
bulb.-,  which  wt.ro  employed  as  in  the  previous  test.  Re¬ 
s'  tits  of  tliis  method  ga-.e  an  impact  velocity  of  28.2  fest 
per  s.  i  ond. 

Although  the  impact  velocity  was  the  maximum  acceptable, 
tins  test  resulted  in  excel. em  performance  with  all  items 
iur,c  1 1  op. mg  tior  ma  ily . 

Horizontal  impa<  t  velocity  was  1.  3  feci  per  second. 

Pi?  r  f  art  nanm  With  Pr  oi  ofypc  S  igna)  System 

Again  it  is  of  interest  to  compare  impact  velocity  if  the 
drop  conditions  had  been  the  sintc  except  for  a  LASER  ground 
sensor  signal  system.  Assuming  a  23  foot  triggering  height  for 
the  LASER  ground  sensor,  rocket  firing  would  ha  re  been  21.  3 
feet  instead  of  24.  2  leet  actual  heighL.  Rocket  burnout  height, 
then,  would  have  been  1.  8  feet  instead  of  4,  7  fest.  Impact 
velocity  would  have  been  24.  7  fed  per  second,  allowing  for 
(  drops  throughout  the  range  of  air  densities  from  315  feet. 

Drop  Hei ght 

Ar.y  higher  descent  velocity  before  firing  would  increase  the 
ground  impact  velocity  and  cause  a  positive  load  impact  angle. 

It  is  concluded  then  that  this  drop  altitude  (315  feet  absolute) 
is  minimum  for  this  weight  and  configuration  at  this  air  den¬ 
sity  using  the  probes  tested.  A  drop  at  lower  ait  densities 
could  be  negotiated  from  this  altitude  if  the  LASER  signal 
system  were  used.  Obviously,  additional  parachute  area  and/ 
or  rocket  impulse  for  the  load  weight  would  result  in  better 
performance,  i.  e.  lower  impact  velocity  lor  a  given  drop 
altitude  or  a  lower  drop  altitude  capability  for  the  weight. 

4.  0  TEST  202  6 

Gen era '  D  1st  ussion 

Since  this  was  the  firs',  live  test  conducted  at  El  Centro, 
Cai'fornla,  under  the  program,  the  drop  was  made  from 
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approximi!  7  2000  i  ei  ait.tud*  . 


An_d_'  y?  is 

Tli  iiijd  w..s  t-x'.ia,  I «.  d  by  »  22  fo  1  extraction  parachute 
from  th  C  1  30  airi  rail  normally  A  guillotine  <  ut  lO'  ps 
ol  w<  bbmg  to  iiiut  extraction  force  transfer  just  after 
in:  toad  (li nr-'d  'ho  a.rcraft  r^mp.  Six  2  4  fo-  t  parachutes 
w  rc  deployed  a'd  op-  ned  and  con'rol.ed  the  descent  of 
tin  ,uid  Descent  velocity  stabilized  at  approximately 
61  f~.  per  sen  oi.d  with  an  estimated  toad  angle  under 
5  degrees  alter  descending  405  feet  from  the  first  s  glu 
mg  ot  the  extraction  parachute. 

Tne  two  probes  were  released  by  lanyards  to  the  rocket 
pack.  These  lanyards  were  to  be  pulled  as  the  load  rotated 
nose  up  after  the  front  slings  became  taut.  This  arrangement 
uii  to  give  maximum  time  for  the  load  to  stabilize  before  the 
probes  were  released  for  the  purpose  of  reducing  snatch  force 
and  instability  experienced  in  the  previous  contract  No. 
DA19-129  A MC  -  502  N  .  Howe'  er,  since  the  load  rotated 
during  parachute  and  rocket  pack  deployment,  the  rear  slings 
became  taut  first.  The  probes  were  released,  then,  before 
any  slings  were  taut.  With  the  probe  redout  brakes  on  the 
real'  of  tin  load,  no  problem  was  encountered  from  snatch 
force  or  toad  instability  during  reslout  on  this  test.  (See 
analysis  ol  test  .202  14  for  additional  comments). 

A  safely  pm  in  each  gas  valve  was  pulled  by  a  Lanyard  to 
the  rocket  pack  as  it  was  pulled  from  the  load.  A  second  pin 
was  pulled  m  each  gas  valve  by  an  F1A  or  FIB  parachute  timer 
alter  a  time  delay  of  approximately  4  seconds.  The  tar,,  is 
U'  l't  initiated  by  lanyards  to  the  main  parachutes  as  they 
were  pulled  from  the  load. 

Fore  a  on  the  right  re  ar  sling  was  1.16  G  based  upon  the  gross 
rigged  weight.  This  peak  force  occurred  just  after  the  first 
ma- n  parachute  opened.  Force  on  the  left  rear  sling  was  not 
recorded.  The  right  and  left  front  slings  then  felt  peaks  of 
1.  5b  and  1.  67  G  respectively.  The  five  other  main  parachutes 
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opi  ',<'1  t  <1  v  :  ,.ick  suui'Sjiun.  Tin:  peak  lori  cs  lt-il 
by  t h <  l  •  u-t  s  mgs  were  th*-  result  of  I  nose  down  load 
ioSj'.ioi  introduced  by  the  rear  stings.  and  2’  p-irai  huU 
for>  v;  by  or,*  pii'avhiiir  being  open  luily  and  the  other  fi,e 
b'  l  nr  ilniej-t  1  :  t 1  v  open.  tl  is  (  mu  Inch  d  then,  lh-it  slightly 
slower  pai-jei'uU  opening  wo  Jd  ha"e  reduced  the  peak  front 
simp  foie  es.  to  uud>  r  1.  5  G.  Parachute  opening  was  very 
<  ousis'.ant  cx<  spt  tor  one  e  arly  opener.  Descent  rate  was 
6l  h  el  per  t-.-<  ond  at  roekel  fir.ng.  Terminal  descent  rate 
is  can  dat'  d  as  5U.  f-et  p»- 1  second  using  Cj  -  .  8  and 
r.Iuster  e.fti'  tern  y  :  .73  percent. 

The  MDF  length  w.is  27  fee  t.  Rceloul  was  normal  and  if 
there  was  probe  swinging  after  re.-; i out  it  apparently  damped 
out.  Probe  firing  occurred  at  26  fee.l  height  and  rocket  firing 
at  24.  9  feet.  Load  angle  was  essentially  flat  at  rocket  firing. 
Horizontal  impact  velocity  was  18.  3  feet  per  second,  /t 
rocket  ignition,  one  rocket  head  end  closure  came  off  because 
a  snap  ring  was  not  seated.  (See  Appendix  D  for  details.  } 

All  snap  rings  were  checked  after  this  test,  and  no  more  opera¬ 
tional  problems  were  encountered  with  the  rocket  motors. 

If  the  rockets  and  rocket  pack  had  remained  intact,  burnout 
would  have  been  approximately  7  feet  high  with  a  velocity  of  0 
feet  per  second.  Impact  velocity  would  have  been  approximately 
21  feet  per  second.,  leaving  ample  safety  margin  for  low 
air  density. 

Performanc  e  With  Prototyp e  Signal  S yslem s_ 

If  the  LASER  optical  ground  sensor  had  been  used  with  a  trigg¬ 
ering  height  of  23  feel,  the  rocket  firing  height  would  be 
21.  9  f  e -4 ;  the  burnout  height  would  be  4  feet  and  the  impact 
velocity  would  be  ii).  I  reel  per  second. 

Drop  Heigh t 

It  the  LASER  ground  s_nsor  had  been  used,  the  minimum  drop 
height  would  have  been  approximately  340  feet.  This  minimum 
would  be  limited  by  the  load  angle*  rather  than  the  descent  rate. 

A  slight  increase  in  this  minimum  would  be  required  for  low 
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Tfc'ST  20 2  10 

G<  'ii  i'ai  1  j i s i  iin o :i 

Tins  li  st  wdf  iJi  ntna:  to  t «.;£> >  202-6  that  rocket  no/.- 

/,  <  ~  wt-r«.  reinforced,  dud  the  snap  rings  were  checked 

1 1  a  .  v  s  i  s 

/ifti  r  lor>.i  transfer  and  main  parachute  deployment  the  rear 
slings  became  t  .at  with  peak  forces  oi  9  G  on  the  left  and 
1.  34  G  on  th*  right.  One  para,  hute  opened  fall v  and  the  front 
slings  became  taut  wth  .  68  G  on  the  right  and  .  81  G  on  the 
left.  Not  until  later  did  the  other  main  parachutes  open  fully, 
it  i  ±n  be  concluded  for  this  test  that  the  real  slings  felt 
roughly  the  same  peak  forces  as  in  test  202-  6  due  mainly 
to  rocket  pack  momentum  but  the  forces  on  the  front  slings 
were  considerably  less  than  in  test  202-6  because  parachute 
opening  time  was  appreciably  longer  in  test  202- 10  than  in 
test  202  6. 

The  piobes  swung  at  least  31  degrees.  Descent  rate  approach¬ 
ed  62  ft;-. t  per  second  after  a  descent  of  375  feet. 

.nt  locket  firing  the  descent  rate  was  measured  as  62.4  feet 
per  second.  Probe  firing  occurred  at  22.  1  feet  and  rocket 
firing  at  20.  9  feet  load  height  These  heights  were  low 
because  the  probe  angle  was  31  degrees.  Descent  rate  a! 
burnout  was  measured  and  calculated  to  be  2.  2  fe-t  per  sec¬ 
ond.  During  rocket  firing  the  forces  on  the  rear  slings 
exce-ded  t.  5G  i.87  right  and  1.95  left’  based  upon  gross  load 
weight  Forces  on  the  front  slings  were  1.  36  right  and  1.  4 
left,  forces  t>  nded  to  be  high  because  of  somewhat  low  load 
weight  for  the  number  of  rockets  and  force  overshoot. 

Desi  ent  rat  at  rocket  burnout  was  measured  and  calculated 
to  be  2.2  feci  per  second.  The  io»d  lrc<~lell  approximately 
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r  '  : .  i  i  ni  I  .  i  -  •  |  i  ii  !  •  I  a’  -iu;j  r-  i.x  i  in  j  ’  \  ■  1 .  i  1 1  I  pt  |-  lima. 
Wl  :  i  lli.s  utipji i-:ui  ;:y  is  not  ill  irati  .  it  is  thu  ight  to 

hi  ■>  n  it  v  1 1  iiu  ni  i  iocity.  Uoi'iiiuntd!  impact  vt  loc  lty  was 
(  9  f.  I  pi- 1  .  i  l  ;.(1  . 


P -  r  1  u riiui: c  W 1 1 li  P r 


M/i  v  *- 


.  .  i  c  . . 


It.;  Ill 


.!  th*  LAbER  hid  bn  n  used  and  had  triggered  at  23  fc^t,  the 
lmpict  •i.loi.ty  Aoud  have  been  20.8  feet  per  second  with  a 
ir>  •  fa. i  o!  b.  fc  {•  i  t.  With  probi  swing  Hit  actual  impact 
cloiiiy  was  iuvM  r  than  with  the  theoretical  results  from  the 
prototype  system  bec  ause  of  the  short  distance  of  actual 

f  ft;  1 1  if  . 


Pi  i >p  Hcwgnt 

If  (he  LASER  prototype  system  were  used  the  drop  could  have 
be-r.  made  from  380  fe .  I .  Again  this  minimum  would  be 
limitcd  by  load  angle.  It  is  assumed  herein  that  the  LASER 
ground  sensor  would  be  on  the  rear  of  the  load. 


6  0 


TEST  202- It  ^ 

G<ncr-al  Disc  us siim 


This  test  was  very  nearly  the  same  as  test  202  10  and  was 
also  dropped  from  close  to  2000  feet  absolute  altitude. 

A  na 1 y si  s 

The  rear  suspension  sKngs  felt  low  forces  just  before  the 
front  slings  felt  them  peak  forces  of  1.  1.4  G  on  the  right  and 
1.  26  G  on  the  left.  The  rear  slings  then  felt  peak  forces  of 
.  88  G  on  the  right  and  .  80  G  on  the  left.  The  parachutes 
opened  so  r,  alttrwards.  The  relatively  low  suspension  sling 
forces  with  rapid  parachute  inflation  appear  to  be  the  result 
of  timing.  The  load  was  pitching  nose  up  the  rear  slings 
b<  v  &  me  taut,  and  stopped  the  rearward  pitching.  The  front 
slings  immediately  became  taut.-  assuming  part  of  the  rocket 
pick  snatch  lorce. 


383 


Tii  prop.  »  -  u  .  t.g  iCd1  .12  ‘i  2  dfgret-5  .  Uestcn:  r-  t«:  w«»*s 
(  5  f.  >  i  pci  v cio ’id  at  i  mkc l  in  ng  Probe  and  rocket  firing 
occurred  c-.ght'.v  bight  r  i.'un  .r.  tt  si  20?.- 10  (24  led  and 
22.  ’  l--t  rsp  .  t 1  v  c  1  v  ■  •  Descent  rat*;  at  rocket  lvirno.il  was 
3  f-'-  t  re  r  s  -■»  on d.  2nipa<  I  •ctoci'y  was  not  certain.  Var¬ 
ious  in  d  uds  oJ  c  aK  .rations  r.  sii'kd  in  7  feet  per  second 
to  2  3  feet  per  si-.iond  depend, ng  upon  when  the  load  impacted 
the  ground.  is  hcii/ed  that  ground  impact  occurn  d  about 
.23  seconds  atiet  rocket  burnout  and  that  impact  velocity 
was  a1  t  .jLiy  do  e  to  U  feel  per  second.  Horizontal  im¬ 
pact  e  locl'.y  Mit  13  feet  per  second. 

Pi  rfornia ue  e  evi'h  'll  :■  prototype  signal  system  is  of  question- 
%tTc  iIjc  since  actual  impact  •  eluc’ty  is  uncertain,  but 
the  results  wou.d  be  very  close  to  aetuai  daLa. 

Drop  Heigh  I 

The  drop  could  have  been  made  from  428  feet  absolute,  altitude 
under  th.-s-:  atmospheric  conditions  (e  -  .00221  slugs  per 
ft3'. 


7.0  TEST  202  12 

General  Discussion 

This  test  was  very  similar  to  tests  202-10  and  202-  11  except 
tha'  the  drop  altitude  was  reduced  to  514  feet  absolute  to 
more  closely  demonstrate  PRADS  capability. 

A  n  a  1  y  s  i  s 

AfD  r  force  transfer,  the  rear  slings  became  taut.  No  data 
was  obtu.n-.d  for  the  left  rear  sling.  The  left  rear  sling  felt 
a  low  peak,  the  front  slings  then,  felt  .  71  G  on  the  right  and 
.  96  G  on  the  left.  Later  the  right  rear  sling  fell  1.  03  G. 

The  action  was  sirn'iar  to  that  in  test  202-11  except  the  last 
p<  forcts  appeared  higher  in  this  test  because  of  slightly 
later  p * r jcuutc  opening. 
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.  1  ■  r  i : .  . ;  i  M'l  in  ,i>^  m*  H.I  In-1  p<  r  si  i  und.  Ills 

pun.;.  :i  ihil  this  raff  was  •  dcr!  ji  high  i  -i  0\ aliens  . 

»nd  Mu  i.ml  t,<  k  'ongcr  to  slow  down  ilia  previous  lists. 

Tin  probi  ,ngtv  was  3b  dcgrivs  with  the  vertical  At  probe 
i.rmg.  This  angle  leased  probe  firing  to  octur  at  2l  feet 
-mci  i  oik.  (  firing  it  19.  8  !•  -I.  v  eloi  Uy  at  burnout  was 
uivusurid  and  calculated  to  be  5  fc  I  per  second  upward. 

Tin-  high  probi  angle  caused  burnout  to  be  close  to  tile 
ground  -sppruxuu.il  iy  2  fectn  impact  velocity  was  rough 
iy  si  f.-et  per  second  stgjin  impact  time  was  not  known  for 
sure.  Obvio.Siy  the  rockets  took  out  more  impulse  than 
r.ec  e’Sbary.  Horizontal  velocity  was  7  feet  per  second  at 
mipuc  t . 

Po  rfciriiuiic  e  with  Pr  otot  ype  Sign  *1  System 

Due  to  probe:  s  vc .  tig  m  this  test,  it  is  calculated  that  rocket 
ignit  on  wou'd  be  h.gher  if  the  LASER  signal  system  had 
been  used  burnout  would  be  higher,  and  the  impact  velocity 
would  be  gr-'dicr  than  with  the  actual  probe  system.  .In 
addition.,  performance  with  other  load  weights  and  other 
air  densities  would  be  more  consistant. 


This  load  could  not  have  be  n  dropped  from  a  much  lower 
aiti'ud.  because  of  a  combination  of  high  rate  of  descent, 
high  load  angle  and  high  probe  angles.  Since  probe  swing 
anglt  is  not  known  throughout  the  drop,  and  probes  are  not 
to  be  use  d  in  the  prototype  system,  minimum  drop  height 
wit'.  continue  to  be  given  assuming  the  prototype  signal 
system.  Minimum  drop  height  then,  would  be  315  fe  T 
absolute.  Here  load  angle  is  the  limiting  factor. 

8.  0  TEST  202  14 

General  IPs cjus ?  1  o r, 

This  test  w«s  the  first  Lice  lest  in  the  large  load  range,  i.c. 
o.cr  10  000  pounds. 
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M  o»  I  V  r-  '•  *• 

1  t.i-  «»3fj  was  ■  xt  rat  l*  d  will!  a  pi  ik  fore>  oi  slightly  less  than 
on-  G.  --.it--  r  .  Mrl(,.imn  fort  e  liai.fel*  r,  the  toot1  pitched  well 
o  <  i  90  d-  gru  s  i  o-..  i  up.  Tin-  r<  »r  si»  ngs  bti  dmc  taut 
Will'.  Kin  .-c  undi  r  ..  5  G'  I'ul-n  tug  a  high  lose  down  ral;. 

T*  i_  lront  t tinge  bn  am-  tu  it  will,  .  99  G  s  on  tin.  r.ght  and 
2.27  G  on  tin  leli  at  wh  en  turn  tlir«  -.  parachutes  were 
'a  ,r:t  ope-  Stability  "is  poor  after  pi  obe  release. 

L  ms  202  7  a'.J  8  ,in-  rt  t-  sts  were  i truth  more  stable 
wdh  much  lo.v  r  peak  sd.ng  forces.  While  the  reason  is 
not  .  omp.cL-.iv  established  it  appears  that  the  load  eg  was 
forward  of  tin  intended  location,  since  the  load  remained 
rose  down  before  impact. 

Descent  rate  u  ib  only  60  fret  pc  r  second  at  rocket  firing; 
howc  e.  r  th-  probes  had  swung  to  45  degrees  The  probes 
fired  at  only  about  12  fe-i  altitude  of  the  front  of  the  load, 
and  tin  rockets  tired  with  the  front  of  the  load  only  about 
10  lc  high.  A  delay  of  .  032  second  occurred  because  only 
or.e  MDP  system  fired,  impact  occurred  at  about  42  feet 
p--r  second  alter  only  16  second  rocket  burning.  The  load 
impacted  the  ground  slightly  nose  down,  the  slings  became 
slack,  and  the  front  of  the  load  was  snatched  up.  The  load 
was  almost  turned  over.  Shng  forces  were  abouL  2  G  on 
the  front  and  about  !.  75  G  on  the  rear.  The  load  landed 
on  the  rocket  puck.  Horizontal  velocity  was  35.  4  feet  per 
second  at  impact.  Accuracy  of  this  value  is  questioned 
since  print -out  data  give  12.4  feel  per  second  before  firing. 

Perlor.iiaiic  -.  with  Prototype  Signal  System 

The  BASER  signal  system-  if  set  to  trigger  at  23  feet,  w-ould 
have  fired  the  rockets  at  2*.  2  feet.  Burnout  would  have 
occurred  at  .06  second  after  the  nose  of  the  load  impacted 
at  10.6  feet  per  second. 

Drop  H  eight 

A  better  drop  would  have  Occurred  from  355  feet  with  the 
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S'  0 


( 


10.  0 


LAbFR  system  because  ttm  load  any  it*  would  ha  n'  bee:', 
i  a  1 1  dour. 


TEST  20?.-  19 
Goner aj_  I L scuso mu 

This  test  was  a  repeat  of  test  202-14.  Conditions  were  the 
sumo  except  a  time  delay  of  two  seconds  was  added  in  one 
probe  release  to  l)  reduce  swinging  in  that  probe,  and  2) 
to  prevent  probes  from  swinging  together  It  was  reasoned 
and  born  out,  mat  the  two  probes  swing  in  separate  planes, 
in  addition,  three  46  foot  main  parachutes  were  used  in¬ 
stead  of  five  36  foot  parachutes.  Vertical  impact  velocity 
was  17  feet  per  second.  Horizontal  impact  velocity  was  0. 


Analysis 


Again  high  peak  forces  (2.  34  C  and  2.  81  G'  occurred  in  the 
front  slings  alter  acceptable  peak  forces  in  the  rear  slings. 
The  load  was  unstable  and  again  i*  tended  to  stay  nose  down 

Forces  exceeded  l.  5  G  at  rocket  firing. 


Analysis  of  Drop  Load  Motion  from  Rocket  Ignition  to 
Ground  Impact  PRADS 


l.  Data  Required:  a) 

b) 

c ) 

d) 

e) 

f) 

S' 

h) 


Impact  veLocity 
Impact  load  angle 
Descent  velocity  at  rocket 
ignition 

Height  of  load  at  rocket 
ignition 

Time  from  rocket  burnout 
to  impact 

Load  height  at  rocket  burn¬ 
out 

Probe  angle  at  probe  firing 
Double  check  on  V  and  load 
height  at  rocket  firing  if 
possible 


i 

i 

1 


f 


t 
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Tcfii  X n 

>!•  >. 

Dili: 

13,1 

Pdta 

d  ' 

Gross  load  weight  l-l ,  1  00# 

b; 

Parachitr  suspended  weight 
-  13,  800*1 

c) 

Load  suspended  weight 

-  12, 525" 

d) 

Platform  dimensions  -  8' 
wide  x  24  '  long 

e; 

Suspension  simp  length  -  24’ 

f) 

Film  rate  -  250  fps  (Camera 
No.  6; 

gi 

Rocked  impulse  j  2540  lb. - 
see.  cacti  (@  35  } 

A  $  t>  vj  me : 

<3 

Constant  rocket  force  (load 
deceleration)  from  ignition  to 
bu  rnout 

b) 

Probe  swinging  ia  vertical 
plane  p-raUel  to  longitudinal 
axis  of  load 

c) 

Impact  when  firs’  part  of 
lead  impacts  ground 

Theory: 

) 

Time  Change  At  -  f.  where: 

250 

f  =  N  frames 

b; 

Distance  Change  d  -  ri(Rj  -  R- 

Rd 

Where:  d  -  Actual  length  of 
measured  distance 
jcoi  reeled  for  yaw, 
etc .  ) 

Rj  =  Film  reading  of 
distance  d 

Rj  <k  R^  -  Film  read- 

_ _  _  C  t - 1  _  -  :  _  :  .  . 

wi  ivjciv-J  puo  J.UUUSi 
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NiSrHIliilKll 


i) 


g’ 


Load  Yaw  .Angle  &■  -  tarr'  Rw 


R  1 


L  Cos  c< 
W 


Where 


Rw 

R 1 


Load  width  reading  from 
film 

Load  length,  reading  from 
film 

L  =  Actual  length  of  platform 

^  Actual  width  of  platform 
S*  =  Load  Pilch  (or  roll)  angle 
(?.c  tual) 

Net  Average  Deceleration  During  Rocket  Burning 
a  =  AV 


Where; 


^  V  =  total  calculated  change  in 
veLocitv 

th  -  time  of  rocket  burning 


Velocity  at  t2  -  A  J_  -  a(  A  t) 

At  2 


Where; 


l2  ~  time  at  end  of  A  t 


Change  in  velocity  during  rocket  burning 
(calculated) 


A  V 


1C  05 


W 


tb  (32.  2) 


32.  2 


When 


W 

1 


-  weight  of  load 

-  impulse  from  rocket 
motors  or  load  cells 

r  -  angle  of  force  with  vertical 

True  Lead  Angle  c*  =  ian'1  (tan  A)  Cos  & 
Where:  A  -  measured  load  angle 
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Calculations : 

a) 

Load  Yas'-  Angle  (at  rocket 
firing) 

Data : 

Rw  =  i.  446  (#5) 

Rl  =  1.  120  (#5) 

Assume  =24° 

©■  =  tan "  l  1.445  24  Cos  24°  (5c) 

1.  12  9 

=  72.  3° 

b) 

Load  Pitch  Angle  (at  rocket 
firing) 

Data: 

A 

c* 

-  56° 

- 1  o  o 

=  tan  (tan  56)  Cos  72.  3  (5g) 

o 

=  24.  2 

C) 

Check  Iwad  Pitch  Angle 

Data: 

h 

d 

=  1.  678  (#5) 

=  (Width  of  load)  =  9'  (Cos 
90-72.3)  f 

=  8.  58' 

H 

CO 

LT) 

CO 

II 

1 

1.678  1.445 

H  = 

9-  95’ 

= 

sin  ^  9.  95 

24 

= 

24.  5  (checks  with  6b) 

d) 

Descent  Velocity  (at  rocket 

Data : 


firing) 

F rames  -  64  fps 


Time  =  .  312  sec.  ol  mg 

=  tan'1  l.  538  24  Cos  20° 

1.074  9 

74.  4° 

(Load  width  =  9'  Cos  (90°  -  74.  4)  =  8.  66') 

f)  Load  Pilch  /ingle  (2/3  of 
burning) 

A  -  53° 

©6  =  tan'1  (tan  53°)  Cos  74.4° 
o 

=  19.  6 


g)  Load  Pitch  Angle  (Impactl 


Assume:  Constant  pitch  rate 
during  burning 


imp  =  24.2-_L4_08  (24.  2  -  19.  b) 

.  312 


A  during  burning  =  2^.  2  -  18.2 

-  6 

h)  Impact  Velocity  (After  .408 
sec.  rocket  burning) 

Data:  Frames  =  22  (#6) 

=  1.  558  (#6) 

K2  =  1.  372  (#6) 
w  =  .  887  (#6) 
d  =  8.  66  (6e) 

A  d  =  8.  66  (1,  558  -  1,  372) 

.887 

=  1.82' 

At-  _22  =  .  088  sec . 

250 

V  =  '  78  =  20.  7'/sec. 

a vc  -  -  — 

.  088 

i)  Calculate  Load  Deceleration 
from  Rocket  Impulse 

Data:  Burn  time  to  impact  =  .408  sec. 

Total  rocket  burn  time  =  .  560  sec. 

A  V  ^  .  408  (14)  (2540)  Cos  35°  Cos  21°  -  .  408  (32.  2) 
(.  56)  13,  800 

32.2  (5f) 
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Data: 


-  46  2  -  13.1  -  33,1  /sec. 

Deceleration  -  33.  1  =  81' /sec .  ^  Average 
.408 

j)  Correct  Impact  Velocity 
(6h) 

Vimp  =  20,  7  -  ,  088  (81) 

2 


-  17. O' /sec, 

k)  Check  Change  in  Velocity 
During  Rocket  Burn  to 
Impact 

V  -  53.  5  -  17.  0  =  36.  5'/sec. 

36.  5  -  33.1  =  3.  4'  /sec.  (assumed  to  be  taken 

out  by  parachute) 

l)  Height  of  Firing  (Rocket  Burti- 
insi  Di  s  tance) 

blet  length  of  MDF  in  brake  =,  4' 

Ac*  =  6°  (6g) 

MDF  length  =  28' 

Rocket  ignition  delay  =  0.  24  sec. 

Height  =  28;  Cos  32.  1  -  53.  5  (.  024)  -24  sin  24.  2° 


+  1/2  (24)  sin  6°  -  .  4' 
-  13.  5' 


m)  Theoretical  Height  of  Firing 

-  t  i  \ 

mijJUl.se; 
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Data: 


A  V 


(6k) 


Data 


=  36. 4' /s  ec. 

D  =  53.  5  (.  408)  -1/2  36.  4  (.  408)2 

7408 

=  14.  4'  (Larger  than  61)  because  of 

early  parachute  contribution) 

n)  Calculated  Change  in 

Velocity  {Suspension  Sling 
Forces ) 

Total  impulse  =  23,020  lb.  -  sec. 

Load  weight  =  12,  525 
Sling  Angle  -  28.4° 

Average  Load  Angle  =  21° 

A  V  =  23,  020  (Cos  28.  4)  Cos  21  -  12,  560  (.  408) 

12,  525 
32.  2 


=  35.4'/sec.  (Measured  V  =  36.  4'/sec.) 

(6k) 


7. 


Conclusions : 


a)  Change  i  t  velocity  (  AV)  measured  from  film  is  36.  5'/ 
sec.  (6k).  Calculated  A  V  is  33.  I'/sec.  (6i).  The  difference 
is  roughly  the  contribution  of  the  parachutes  during  the  early 
part  of  rocket  burning.  A  triple  check  of  AV  from  the  impulse 
from  the  suspension  slings  gave  35.  4'/sec,  (6n).  This  close 
agreement  with  the  measured  A  V  tends  to  prove  the  accuracy 
of  both  methods. 


b)  The  apparent  height  of  firing  corrected  for  probe  angle 
load  angle,  firing  delay,  change  in  load  angle  and  length  of 
MDF  in  probe  reelout  brake  was;  13.  5'  (6l),  The  theoretical 
height  of  firing  based  upon  measured  velocity  at  firing  and 
measured  AV  was  14.4'  (6m).  The  difference  is  approxi¬ 
mately  that  contributed  by  the  parachutes  during  rocket 
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1  ting  Tint-  agrumn  nt  lends  tu  further  prove  the  accuracy 
of  measurements,  and  calculations  of  the  dynamics  of  load 
million  after  rocket  firing 

c;  t  is  concluded  that  the  impact  velocity  can  be  calcu¬ 

lated  within  3  to  6/sec.  where  a  direct  measurement  cannot 
be  nude,  depending  upon  the  yaw  angle  of  the  load.  When 
direct  m<  sfuri  iiient  is  made,  an  accuracy  of  2  to  4'/sec. 
is  claimed.,  depend. ng  upon  the  quality  of  the  film  coverage, 

d  >■,  this  test  ,202-19.  it  is  believed  that  the  impact 
■velocity  .'front  was  17  /see.  (6j‘.  +  2“/sec.  Further  while 
the  load  impacted  at  approximately  24°  nose  down  the 
load  was  being  decelerated  after  the  front  of  the  platform 
impacted  the  ground.  The  rockets  burned  for  approximately 
.14  sec  after  this  impact.  During  this  time  the  front 
of  the  platform  was  being  deformed,  cardboard  was  being 
deformed  and  the  load  was  rotating  toward  a  level  position. 

It  is  believed  that,  the  load  actually  felt  an  average  impact 
velocity  of  under  17‘/sec.  It  is  further  believed  that  the 
load  eg  still  had  a  descent  velocity  at  rocket  burnout  because 
ol  the  crush.ng  and  rotating.  Appreciable  burning  after 
impact  can  cause  the  load  to  be-  picked  up  after  impact. 

e)  The  Askama  daf  .  .s  "smoothed  out"  so  that  the 
load  descent  veloctl  at  rocket  firing  is  not  accurate 
because  of  the  sudden  slowing  by  the  rockets. 

f,  Horiaontal  velocity  was  2.  9  feet  per  second  before 
firing  of  rovkt-i  anu  approximately  0  at  impact. 

_Pe  rf  o  mid  nee  w  1 1  h  Prototype  Signal  System 

A  LASER,  if  fired  at  23  feet  altitude  would  result  in  an 
impact  vf  locity  of  23  feel  per  second. 


Drop  Height 

This  load  could  have  been  made  from  370  feet  if  the  LASER 
s  yr  tern  had  been  used. 
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TEST  202-21 


General  Discussion 


This  test  was  conducted  to  demonstrate  a  larger  drop  luad. 
Analysis 

Sling  forces  were  about  l.  3  G  on  the  front  and  about  l,  2  G 
on  the  rear  during  parachute  opening. 

load  stability  was  better  than  in  previous  tests.  Descent 
rate  was  54  feet  per  second  at  rocket  firing. 

The  load  was  level  at  rocket  firing.  Probe  firing  occurr¬ 
ed  at  2b.  5  feet  altitude  and  rocket  firing  at  25.  2  feet. 
Rocket  burnout  was  at  about  9.  7  feet  high  with  a  negative 
descent  rate  of  about  2  feet  per  second.  Impact  was 
about  27  feet  per  second.  Forces  at  rocket  firing  were 
just  over  1.  5  G  per  attachment  point.  Horizontal  impact 
velocity  was  19-  7  feet  per  second. 


12.0  TEST  202-22 

General  Discussion 


Drop  weight  continued  to  increase  so  that  problems  could 
be  seen  as  early  as  possible  and  test  hardware  could  be 
cons  erved. 

Analysis 

Parachute  forces  on  the  si  mgs  were  very  low  (about  l  G) 
because  the  parachutes  opened  slowly.  Load  stability  was 
fair  and  descent  rate  was  60  "eet  per  second  at  rocket 
firing.  Probe  firing  occurred  at  27.  7  feet  and  rocket 
firing  at  26  feet.  Velocity  at  burnout  was  calculated  to 
be  6  feet  per  second  and  impact  velocity  17  feet  per 
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second.  Preefal.  was  about  3.8  fact.  Sling  forces  at  j 

rocket  f'rtng  were  slightly  o\er  1,  5  G  or.  the  front  and  , 

just  o\er  I  G  on  the  rear.  Horizontal  impact  velocity  was  \ 

22.  5  feet  per  second.  i 

! 

Pet  formance  with  Prototype  Signal  System  5 

«-  J 

i 

If  the  LASER  had  fired  at  23  feet,  impact  velocity  would 
haw  been  15  feet  per  second.  The  reduction  is  due  to 
v«  ry  slightly  less  frcefali  (3.  5  feet). 

Drop  Height 

This  drop  could  have  been  made  from  405  feet  with  the 
LASER  signal  system. 

TEST  202-23 
General  Discussion 

This  was  the  largest  load  tested  to  demonstrate  near  the 

niiximum  capactiy  ol  the  presently  designed  system.  ! 

i 

A  no  lysis 

Parachute  opening  lime  was  somewhat  long  because  of 
seven  46  foot  parachutes  in  the  cluster  and  because  of 
reefing.  Average  parachute  opening  time,  however,  was 
iess  than  would  have  occurred  if  a'  parachutes  had 
remained  attached.  Sling  forces  were  about  l  G  or  less, 
and  would  have  been  more  if  ail  parachutes  had  remained 
attached.  Two  risers  failed,  because  of  high  forces 
and  old  risers,  poss  ibly  deteriorated  somewhat.  One 
riser  adaptor  also  failed. 

Descent  rate  was  still  only  63  feet  per  second  at  rocket 
firing,  particularly  because  of  the  low  altitude  of  the 
drop  (442  feet'.  The  rockets  fired  for  only  .  20  second 
btforc  ground  impact.  Approximately  18  feet  per  second 


l 
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descent  rate  was  taken  out,  assuming  little  loss  of  effec¬ 
tive  thrust.  Impact  velocity  was  45  feet  per  second. 

The  rockets  continued  during  and  turned  the  load  over. 
The  Iron!  slings  felt  snatch  forces  of  about  2  G  each. 
Horizontal  impact  velocity  was  6  feet  per  second. 

Rocket  exhaust  plume  convergency  occurred  as  was 
feared. 


Performance  with  Prototype  Signal  System 

Impact,  velocity  would  have  been  25  feet  per  second,  assum¬ 
ing  an  effective  rocket  thrust,  i.  e.  small  thrust  on  load 
from  rocket  plume  convergence. 


14.0  TEST  202-25 

General  Discussion 


An  actual  M.215  2  1/2  ton  truck  was  dropped.  This  truck 

had  a  load  of  2500  pounds  of  weight  added  in  the  bed 
near  the  rear  of  the  cab. 

Analysis 

Although  the  load  experienced  a  high  pitch  angle  and  the 
parachutes  were  not  reefed,  the  sling  forces  were  all 
less  than  one  G. 

One  riser  failed  and  the  load  descent  rate  was  67  feet  per 
second  at  rocket  firing.  When  the  rockets  fired,  the 
front  slings  felt  about  1  G  each  and  the  rear  slings  felt 
about  2  G  each.  The  frame  buckled  at  the  rear  of  the 
cab,  and  the  nose  of  the  truck  bent  up.  There  was  no 
reason  to  believe  that  the  frame  was  damaged  before 
dropping;  however,  tin:  frame  appeared  slightly  bent 
after  parachute  opening  and  before  rocket  firing.  The 
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descent  rate  was  6  7  feet  per  second  at  rocket  firing. 

Whin;  the  frame,  bent,  the  front  slings  became  slack,  the 
roik.it  pa>  k  lorrcclcd  for  the  misalignment,  and  the  front 
sling;-  \sere  swept  by  the  rocket  exhausts.  The  front 
slings  tailed  and  the  load  was  dumped  nose  first  onto  the 
ground.  Impact  velocity  was  about  41  feet  per  second. 
Horizontal  impact  velocity  was  5.2  feet  per  second. 

PerloniMiKc  with  Prototype  Signal  System 

If  the  LASER  signal  system  had  been  used  and  the  truck 
frame  had  not  bent,  the  impact  velocity  would  have 
been  26  feet  per  second. 


15.0  TEST  202  -26 

CL  ncral  Discussion 

A  repeat  of  test  202-23  was  necessary  if  a  satisfactory 
test  was  to  be  accomplished  with  a  drop  load  of  35,  000 
pounds.  Although  it  was  realized  that  rocket  plume 
convergence  would  occur,  this  test  was  made  to  demon¬ 
strate  the  large  load.  The  test  was  performed  with  risers 
and  riser  adaptors  of  newer  or  stronger  material.  Also 
an  extra  parachute  was  added.  Finally  the  reefed  dia¬ 
meter  was  reduced.  The  drop  was  made  from  a  slightly 
higher  attitude  than  desired.  In  addition,  a  higher  altit¬ 
ude  than  required  was  requested  to  be  sure  that  the  test 
was  not  lost  from  excessive  drop  altitude  error  on  the 
low  side. 

Analysis 

Parachute  opening  w^as  slow  as  would  be  expected  with 
a  smaller  reefed  diameter  and  a  cluster  of  8.  Sling 
forces  were  about  1  G  or  less. Descent  rate  was  only 

C2  4  . »  , .  »  ~  ~  -c -  1  _  -  i  r  -  t  - 

i  v  v-  :  pc  i  Tcvo  iiv-i  elk  1U  U]^, 
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The  probes  fired  at  27.  3  feet  and  the  rockets  fired  at  25.  8 
feet  altitude.  Impact  velocity  was  between  13.  2  feet  per 
second  and  28.  6  feet  per  second,  depending  on  how  much 
freefall  there  was  and  how  much  force  from  rocket  ex¬ 
haust  was  acting  on  the  load.  An  average  of  20  feet  per 
second  is  thought  to  be  a  realistic  impact  velocity. 
Horizontal  impact  velocity  was  1  foot  per  second. 

Performance  with  Prototype  Signal  System 

If  the  LASER  signal  system  had  been  used  and  exhaust 
pressure  on  the  load  was  negligible,  impact  would  have 
been  at  17  feet  per  second. 

Drop  Height 

This  drop  could  have  been  made  from  430  feet  with  the 
same  assumptions  as  above.  Load  angle  would  be  the 
limiting  factor. 
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